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I. Inteodtjction. 

The occurrence of parthenogenesis in the genus Nicotiana lias been 
under investigation for some years in various parts of the world. The subject 
was first brought forward in 1909 by Mrs. R. Haig Thomas^ in a paper entitled 
Parthenogenesis in Nicotiana. In this paper, a series of experiments was 
described in which castration of the flowers of various species and varieties of 
Nicotiana was followed, almost invariably, by the production of viable seed. 
In some experiments the anthers were removed, in others both stigmas and 
anthers; in nearly all cases seed resulted. All the usual precautions — 
sterilization of the instruments and protection of the buds by means of paper 
bags — were employed. Among the varieties tested were a Tabacnm 

var. CnbO' and Nicotiana Tabacum var. Mirodato. The seed of the former 
was gathered from a plant in the garden of Casa Loring near Malaga said to 

*Ha ig Thomas, B., TM Mendel Jcnnal, !. 1909, p» 5 
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have been grown from seed imported from Cuba. The seed of N. TahacuM 
var. Mirodato was obtained from the Board of Trade and came originally 
from Asia Minor. 

The following results were obtained with these two varieties and their 
hybrids 


Variety 


- Number of 
successful 
experiments 


Notes 


Nicotiaiia Tabacum Cuba . . 

Nicotiana Tabacum Mirodato . . 

Fj Nicotiana Sylvestris X Nicotiana Tabacum Cuba 

Nicotiana Tabacum Cuba x Purple (Sylvestris 

X Fj Red Sandera X Affinis) 


5 sprays in 2 
plants 


1 spray on 1 
plant 


2 sprays on 2 
plants 


3 sprays on 3 
plants 


Fartlienogenetic seed 
sowed lith September, 
germinated on tbe 
21st September 

Asia . Minor, seed 
obtained from tlie 
Board of Trade 


In the case of N. Tabacum var. Cuba half the parthenogenetic seed was 
round, full and sound looking, the other half flattened, poor and little likely 
to germinate. 



The author sums up her results as follows : The fact remains that 
parthenogenesis was discovered in ten species, varieties and hybrids of Nico- 
liana and it is possible will be found in all of them if the right period is chosen 
for the trial, i.e., when the plant is beginning to go of! its fullest blossom .... 
In the Tabaccums success was unfailing.’’ Further confirmatory evidence 
is given by Mrs. Haig Thomas in a letter quoted by Goodspeed^ in 1915, 
Since then (the appearance of her original paper in the Mendd Jotirml) 
I have every season produced parthenogenetic seed from one or more 
Nicotiana though the conditions for growing the plants here (Moyles Court, 
Ringwood) are not so favourable as at Creech (?) Grange, A¥areham, where I 
first made trials for parthenogenesis and succeeded in so many varieties.” 

It is obvious that parthenogenesis, to the extent described in the above 
paper,, would introduce serious errors into any experiments on tobacco breeding. 
Investigations were, therefore, started at several tobacco breeding centres to 
ascertain hoW far the formation of parthenogenetic seed was characteristic 
of other species and varieties of Nicotiana. In 1910 and 1911, a detailed 

» Goodspeed, T. H., XJnwermty of California Publications in Botany, VoL V, 1915, p. 249. 
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investigationi was carried out by one of us on. fifty one Indian types^ of N 
Tabacum. In each type, 50 to 100 buds were castrated on each of two plants. 
In some, the anthers were removed, in others both the anthers and stigmas. 
Plants were chosen at all periods of flowering. In 1911, the experiment 
was repeated on six types (9, 51, 16, 36, 23, 38). In the thousands of flowers 
castrated only five seed-bearing capsules were found. These occurred on 
three plants. As the percentage is so small (6 in 10,000), there is always 
the possibility that these might be due to accidental errors of technique. In 
addition, in nine first generations, raised in Pusa during 1908 to 1913 (each 
culture containing about one hundred plants), no individuals resembling 
the mother plant have ever been detected. With the Indian types 
grown at Pusa, therefore, practically no evidence of parthenogenesis was 
obtained. 

Several investigations on this subject have been carried out in America- 
In 1913, Wellington^ published an account of a very thorough study of this 
matter. Attempts were made to induce parthenogenesis in various species 
and varieties of Nicotiana hy (1) the removal of anthers or of anthers and 
stigmas, (2) mutilations such as singeing or tickling the buds, (3) exposure 
to various vapours such as chloroform and ether and (4) injection of certain 
liquids. No fruits or fertile seed were produced by any of these methods 
with the exception of one capsule among ninety-eight emasculated blossoms 
on a plant of N. pluTnbagimfoUa. This is ascribed to an error in technique. 
In a few cases, however, abortive seeds were produced by mutilation and 
artificial stimulation. As regards the castration and decapitation experi- 
ments, in over 1,000 buds treated, no fertile or abortive seed was produced 
(with the exception of the above-mentioned single capsule). Hayes and 
Beinhart^ in a communication issued in 1914 make the follow ing statement : 

“ We have made numerous attempts to secure parthenogenetic seeds from 
various spepies of Nicotiam without success.” 

The following investigations have been carried out in Europe. In 
connection with a paper read by Mrs. Haig Thomas® at the Paris Conference 
of Genetics, Bateson® stated that he had been unable to obtain parthenogenetic 

G. L. C., Mem. of the Dept, of Agr. in India, Botanical Series, Vol. VI, 1913, 

p. . 2o..' ■ ■ 

2 Howard, A., and How<ard, Gf. L. 0., Mem. of the Dept, of Agr. in India, Botanical Series, 
VoL III, 1910, p. 59. 

3 Wellington, R., Arner. Natur., Vol. 47, 1913, p. 279, 

^ Hayes, H. K., and Beinhart, E. G., Science, Vol. 39, 3.914, p. 284. ^ 

^ Haig Thomas, R., 4.th Gong. InL Oen. Rep^ 1913. 

® Bateson, W., 4th Cong. Int. Qen. Rep. 1913. 
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seed, except in the case of N, Tabaeum ym. Cuba. Friiwirtli^ also made a 
series of experiments with a pure line of N. Tabaeum, No parthenogenetic 
capsules were obtained although various modes of procedure were adopted . 
The corolla remained fresh longer than usual and the ovarj swelled a little 
but "sections through this organ showed that it was filled with parenchymatous 
tissue and that no seeds were present. Fruwirth concludes therefore that the 
tendency towards parthenocarpy is present to a small degree ; fruit formation 
begins but the seedless fruits are thrown off before they attain their full size. 
In none of these investigations, except those of Bateson, had the varieties 
used by Mrs. Haig Thomas been employed. 

In 1915, Goodspeed^ published a paper entitled Parthemgehesis^ partheno- 
carpy and phenospermy in Nicotiana in which he described very detailed and 
elaborate experiments on plants of Nicotiana Tahacnm var. Cuba obtained 
from seed supplied by Mrs. Haig Thomas. At the same time, eflurts were 
made to produce parthenogenetic seed in a large number of other species 
and varieties of Nicotiana but without success. Over 1,500 attem])ts yielded 
entirely negative results. The experiments with N, Tabaeum var. Ouba were 
carried out with the greatest care and every precaution to eliminate error was 
adopted. About 800 buds, divided approximately evenly between ninety- 
five plants, were treated by one of the following methods (J) removal of the 
anthers, (2) removal of the anthers and stigma, (3) removal of tlie stigma. 
It was found that, in general, the flowers and maturing capsules, though thev 
may have fallen ultimately, remained attached to tlie plant for a much longer 
period of time than in the case of other species and varieties of Nicotiana 
when similarly treated. Moreover, out of the 800 castrations and mutilations, 
over 100 normally matured cap.^ules were produced. In the majority of tliese 
parthenocarpic fruits, empty seeds were found in great numbers. In nine of 
these capsules, however, approximately 50 seeds were found, some of which 
showed normally matured endosperm and embryos. Some of the seeds germi- 
nated and produced normal seedlings. Eighteen seeds gave six seedlings. 
Goodspeed was therefore able to show that, the behaviour of N. Tabaeum var. 
Ouba in producing parthenocarpic fruits on castration was very different 
to that of the majority of the species and varieties of Nicotiana, He was 
also able to produce a small quantity of seed which, considering the precautions 
and care taken, must be assumed to be of parthenogenetic origin. The very 
small amount of seed so produced forms, however, a great contrast to the 
ease with lyhieh such seed was produced on the same variety in England, 

Fruwirth, C., Zeitachrift fiir Pflanzenzilchtung, Bd. 11, 1914, p. 95. 

® Goodspeed, T. H., University of Calif ornia Publications in Botany, Vol. V, 1913, p. 249. 
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Qoodspeed calls attention to the possibility that after one or two years of 
farther cultivation the large proportion of phenospermic seeds, with or without 
embryos, may be lessened in favour of a greater proportion of entirely normal, 
viable seeds resulting from the castration or mutilation of flowers of Nicoimna 
Tabacam Cuba. He suggests that differences in soil and climate may 
account for the discrepancy between the results with this variety in England 
and in California. 

The power possessed by N. Tabacum var. Cuba of holding the capsules 
after castration and producing phenospermic seed is apparently a dominant 
character for Goodspeed and Ayres* found that this qBalitj was exhibited by 
the El hybrids with N. sylvestris. The plants of the Ei generation (as in other 
species hybrids with N. sylvestris) produced no functional pollen and no viable 
seed under bag. Mature normal fruits with phenospermic seed were, however, 
obtained. 

The present investigation originated from a request, made by Mrs. Haig 
Thomas in 1920 to one of the authors, that experiments should be made to 
determine whether the contrast between the negative results obtained at 
Pusa in 1910 and those obtained by her was due to the varieties used. As it 
seemed desirable to ascertain whether the types which gave such abundant 
parthenogenetic seed in England would do so under Indian conditions, arrange- 
ments were made to carry out the investigation. Three packets of seed were 
received from Mrs. Haig Thomas in 1920 which were described as follows 

(1) Nio. Tab. Cuba, 1917 seed; Casa Coring Garden, Malaga; foliage 

scentless. 

(2) Nic. Tab. Mirodato, scented foliage ; Asia Minor— imported by the 

Board of Trade and grown for ten years by R. Haig Thomas. 

(3) Seed gathered from E 2 Nic. Tab. Cuba (ovule parent) X Nic. Tab. 

Mirodato (poUen parent). * 

The experiments were begun in October 1920 and have been continued 
diu-ing the seasons 1921-22 and 1922-23. The seeds were sown in boxes in the 
manner described in a former paper^ with all the precautions normally used 
at Pusa in raising cultures for investigations on tobacco breeding. No diffi- 
culty has been experienced in germinating the seed or in growing these varieties 
at Pusa. Although slightly slower in growth than the indigenous kinds, 
they have given quite as good plants. Good seed was obtained both under 
bag and from free-flowering plants. The flowers were treated by the removal 

* Groodspeed, T. H. and Ayres, A. H., Uniiiersily of Galifornia, Publications in Botany 
Vol. V, 1916, p. 273. 

2 Howard, G. L. C,, loc. cit 
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of the anthers or of both anthers and stigma. Full precautions to prevent 
contamination were taken. The instruments employed were sterilised and the 
buds were protected by means of parchment bags. Plants in all stages oE 
flowering were used. The results in the main agree with those of Goodspeed 
but it has not been possible to produce jiarthenogenetic seed in N. Tabaciim 
var. Cuba, In considering the experiments on the two varieties and the 
hybrid, it will be best to deal with each kind separately. 


II. Experiments with K Tabacum var. Mirodato. 

Four cultures of this variety were raised. In each of the years during 
which the investigation was in progress, a culture was raised from tlie original 
seed ; in 1922-23 one culture was grown from seed harvested in India in 
1921. 

Table I. 

Results with Nicotiana Tabacum var. Mirodato. 


Season 

Origin of 
culture 

. i 

Nature of 
ox3eration 

Bate 

No. of 
plants 

j 'No. of 
j cajxsules 
;per plant 
‘ treated 

No. of capsules 
which 
developed 

1920-21 

Laroe 

WELL 

DEVELOPED 

PLANTS 

Original seed 

Stamens and 
stigmas removed 

8-3-21 1 

to , 

14-3-21 
Early stage 
of flowering 

7 

t ' ■ . ■ 1 

! 

{ 25 

30 

30 

30 

30 , 
30 

132 1 

None 



Bo, 

9-3-21 

to 

15-3-21 
Early stage 
of flowering 

4 


[ 30 ; 
f 31 

1 40 

None 

1 capsule ]>ut 
^^bag torn 



Bo. 

23-3-21 
Elowering 
just going 
over 

1 

2 

fi. 

None 

1 , , 



Bo. 

25-3-21 
Flowering 
very nearly 
over 

2 


None 



Stamens removed 

1 ' ' 

8-3-21 

to 

15-3-21 
E<arly stage 
of flowering j 



' 32 

30 

30 

32 

38 

None 

1 L 
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Table l~(contd.) 


No. of capsules 
' wMch. 
deveiax)ed 


Origin of 
culture 


Nature of 
oxjeration 


capsules 
per plant 
treated 


Season 


Stamens removed 


9-3-21 

to 

15-3-21 
Early stage 
of dowering 


Large 

WELL 

developed 
plants 
— con til 


Flowering 
just going 
over 


25-3-21 
Flowering 
very nearly 
over 


Stamens and 
itigmas removed 


Plants ' 
-NOEMALLY 
DEVELOPED 


Stamens removed 


3 appeared to 
set but did 
not develop 
and fell early 


39 Ditto 


Oxiginal seed 


Stamens 


Plants 

SMALL 
OWING TO 
LATE 
PLANTING 


stigmas removed 


Stamens removed 


Seed from 1921 
harvest , 


Stamens 

and 

stigmas removed 
St rumens removed | 


None 
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It will be seen that in 1921, 806 buds (distributed on 29 plants) were 
treated but no normal capsules were formed. A single capsule was fotiiid on 
one plant but as the bag had been accidentally torn, this must be disregarded. 
The capsules after castration were not held by the plant but were shed shortly 
after the operation. No seed was formed. In 1922, 283 buds (distributed 
on 6 plants) were treated with similar results. Some of the fruits began to 
swell slightly but these dropped oft* before they attained any size. Similarly 
in 1923, 96 buds (on 8 plants) gave no capsules. Thus in the three years? 
1921 to 1923, 1,185 buds gave only one capsule (which was obviously due to a 
torn bag). Nicotiana Tabacum vsn. Mirodato^ therefore, under Indian 
conditions shows neither parthenogenesis nor partlienocarpy. This can 
scarcely be attributed to any adverse effect of the climate on the variety as 
good seed was obtained both under bag and from free-flow’'ering plants. 

Ill, Experiments with Nicotiana Tabaoum var. Cuba. 

The results obtained wdth Nicotiam Tabamm var. Uaba are given in 
Table 11. As in the case of N. Tal:)mwm 

raised from the original seed every year. In 1922-23, an additional culture 
was grown from seed harvested in India in 1921. 


Table II. 

Results with Nicoiiand Tabaoum- var. Cuba. 


Season 

Origin of 
culture 

Nature of 
operation 

i . 

1 

Date 

No. (jf 
plants 

1 

i No. of 
eapsuies 
treatcil 
per pl.uit 

No. of 
. ca[jsulcs 
. which 
deve- 
: loiml 

No. of 
seed.s 
which 
ger- 
minated 

1920-21 

Laece 

WELE 

DEVELOPED 

PLANTS 

l)rigiiial seed 

1 

Stamens 

and 

stigmas 

removed 

13-4-21 

■■ to j 

18-4-21 : 

, 1 

{) 


/ 23 

IG 

IG 

17 

V 

? 

■ i). 

i 

10 

5 

Ni»m‘ 


. ,f> , , 

Stamens 

removed 

13-4-21 

to 

18-4-21 

G 


38 

24 

33 

17 

V 

2G 

18 

29 

ir> 

8 

Nono 

>» ", 
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Table II — {contd.) 


Season 

Origin of 
culture 

Nature of 
operation 

Date 

“No. of 
plants 

. No. of 
capsule 
treated 
per 
plant 

No. of 
s capsule 
whieli 
deve- 
lox>ed 

No. of , 
s ■ seeds 

which ! 

ger- ; 
rniiiated 

1921-22 

Original seed 

Stamens 







— contd. 

and 

24-3-22 

2 

1 31 

0 

None 

, PLANTS' 


stigmas 



1 

10 

99 

NORMALLY 


removed 






DEVELOPED 










Do. 

25-3-22 

1 

38 

9 

i* 



Do. 

2-4.-22 

1 

23 

17 




Stamens 








removed 

22-3-22 

2 

J .30 
/ 37 

21 

21 

None 

ti 



Do. 

23-3-22 

1 

48 

17 




Do. 

2-4-22 ■ 

1 J 

20 

1 

19 

; : 1; 

1922-23 

Original seed 

Stamens 

1-4-23 

1 

s 

None 




and 





' ' ' ' ' ' '' 

Plants 


stigmas 






SMALL 


removed 






OWING TO 








late 








PLANTING 


Stamens 

1-4-23 

1 

0 

None 




removed 







Seed from 1921 

Stamens 

20-3-23 

1 

13 

None 


«s> 

harvest 

and 








stigmas 








removed 








Stamens 

24-3-2.3 

1 

20 

None 




removed 







It will be seen that the results obtained with this variety are very different 
from those with var. Mirodato. In 1921, one hundred and eighty-four buds 
(distributed on 8 plants) gave no less than 118 capsules. Moreover, some 
capsules were formed on all the plants treated. These capsules remained 
attached to the plant but were not quite so large as the normal fruits. They 



10 


STUDIES IN INDIAN TOBACCOS 


were filled with structiu’es which looked like seeds but which were somewhat 
smaller and much lighter both in weight and, colour. They were also easily 
crushed between the fingers. Examination showed that the seed coats were 
empty. No seeds with embryos were found in the portion tested. The 
remainder was sown in boxes in October 1921 with the greatest care. Not a 
single seed germinated. At the same time, some of the original seed was sown 
and germinated well. In 1922, 119 similar capsules were obtained from 267 
treated buds (on 8 plants) and again every plant produced capsules. The 
seeds were of the same nature as in the previous year. Examination under 
the microscope, sowing in boxes in earth, and germination in Petrie dishes 
showed no fertile seed. No capsules were obtained in 1923 from 47 buds 
(on 4 plaiits). At Piisa, therefore, it has not been possible to obtain any 
parthenogenetic seed from iV^. Tahaciim var. G'uba. The plants, however, 
exhibited marked parthenocarpy. 

An examination of the percentage of partheiiocarpic fruits brings 
out one interesting point, namely, an apparent connection between the 
vigour of the plant and the number of capsules formed. In 1920-21 
when the plants were exceptionally large and vigorous, the percentage of 
fruits was 64. Average sized plants in 1921-22 gave a percentage of 44. 
In 1922-23, owing to adverse climatic conditions, the seedlings could not 
be transplanted until late in the season. The plants remained poor and 
small in consequence. In this year no parthenocarpic fruits at all were 
obtained. 


IV. Plants ekom the cboss N. Tabacum vae. Cuba x 
N. Tabacum vae. Mirodato. 

In the case of the hybrid, cultures were grown from the oifiginal seed 
in 1920-21 and in 1921-22. In 1922-23 two cultures were raised from seed 
harvested in India in 1921 and in 1922. In both cases these seed plants liad 
been grown from Mrs. Haig Thomas’ original seed. In addition, in 1921-22 
a culture was raised from some apparently parthenogenetic seed obtained 
in 1921. Seed was harvested from certain plants of this culture in May 1922 
and sown in October 1922. 

The results obtained with the hybrid are a little more difiicult to describe 
on account of the variability of the material. No statistical examination 
of the morphological differences was made but the colour of the corolla of the 
plants operated on was recorded. Three different colours occurred. — white, 
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pink and wliite with splashes of pink (termed parti-coloiirerh Table). 

The detailed results are given in Table III ; — 

Table III. 

Results imih the progeny of the cross N, Tabacum Cuba 9 xN. 

Tabmum Miroclato d —seecl collected by Mrs. Haig Thomas from 

generation 


Season Origin of culture 


Nature of 
operation 


No. of ^ ^ No. of 

of corolla 


1920-21 

Large 

WELL 

DEVELOPED 
PLANTS 
VARYING IN 
MORPHOLO- 
GICAL 

CHARACTERS 
NOTABLY IN 

the corolla 

WHICH WAS 
WHITE, PINK 
AND WHITE 
SHADED 
WiTH PINK 


Original seed 


Stamens 

and 

stigmas 

removed 


Stamens 

removed 


21-3-21 

to 

26-3-21 


21-3-21 
to 2 pink 
26-3-21 


21-3-21 

to 

26-3-21 


21-3-21 

tc 

26-3-21 


2 None 
24 16 blown 

off by 
storm, 
S haz*- 
vested 
gave 
good 
see d 
wHcb. 
germi- 
nated 


1921-22 Original seetl 
Plants 

NORMALLY 

DEVELOPED 


Stamens 12-3-22 1 pink 39 Very 

"■n-d Bniall 

.stigmas 

removed capsules 

’ Do. 24-3-22 1 parti- 42 Vone 

! coloured 


Do, I 23-3-22 1 white 48 
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Table III — {contd.) 






No. of 

No. of 

No. of 

No. of 

Season 

Origin of culture 



plants 

capsules 

capsule? 

seed: ' 

operation 

Date 

and 

colour 

per 

iila-nt 

which 

deve- 

which 

germi- 





of corolii 

1 treated 

loped 

nated 

1021-22 

Original seed 

Stamens 

11-3-22 

1 pinli 

40 

Very 



— contd. 

removed 


I . ^ 

small 


Plants 





! 

1 . 

empty 


NOKMALLy 

DEVELOPED 





i ' 

capsules 


— contd 


Do. 


1 parti - 
colourec 
1 wiiite 

i oO 

1 40 

I 

None 

7 

None 


Seed from * gave 

Stamens 

8-3-22 

1 pink 

33 

None 



pink, white and 

and 






parti-eoloured 

stigmas 

.10-3-22 

1 parti- 

. 44 




flowers 

removed 


coloured 






Do. 

8-3-22 

1 white 

01 





Stamens 

removed 

8-3-22 

1 pink 

30 

” 

' 



Do. 

11-3-22 

1 parti- 
coloured 

39 





Do. 

8-3-22 

1 white 

oO 

SJ 


1922-23 

Seed of plants 








grown in 1922 
from culture* 








(1) Seed from white 

Stamens 



j 20 

1 14 

N(.>ue 



flowered i)lants 

and 

13-3-23 

' 2 




stigmas 

removed 








Stamens 

removed 

13-3-23 

2 ' 

i/ 17. ' 








f n 

,, 



[2) Seed from pink 

Stamens 

13-3-23 

a 

■:v20. , 

None 



flowered plants 

and 






stigmas 

removed 

18-3-23 

„ 1 

"'20'-. 

»>'■■■■■ 




Stamens 

removed 

13-3-23 

2 

j M 

J 17 

None 


( 

'3) Seed from parti- 

Stamens 

; ; 1-4-23 

1 

r 

9 

None 



coloured flowers 

and 







stigmas 

removed 








Stamens 

removed 

1-4-23 

1 

, g 
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Table lII—(condd.) 


Season 

1 ' 




No. of 

No. of 

No. of 

No. of 

Origin of culture 

Nature of 
operation 

Date 

plants 

and 

colour o 

capsule? 
per 
f plant 

capsule? 

which 

deve- 

seeds 

which 

germi- 

f 




corolla 

treated 

loped 

nated 

1922-23 

Seed of plants 







'f ■ ■■■■■ • — contd. 

grown in 1921-22 
from original see( 








(1) Seed from pink 

Stamens 

1-4-23 

1 

8 

None 



dowered plants 

and 





■; ,, 


stigmas 

removed 






1 

|i- ' 


Stamens 

removed 

1-4-23 

I 

22 




(2) Seed from white 

Stamens 

13-3-23 

I 

20 




flowered plants 

and 




|; 


stigmas 

removed 

18-3-23 

1 

10 



1 ■ ' ' ' ' " 


Stamens 

13-3-^23 


( 34 



■ ■■ ■: 


removed 

2 

1 17 

9i 



(3) Seed from parti- 

Stamens 

1-4-23 

1 

9 




coloured flowers 

and 



i; 


stigmas 

removed 






■i , ■ ■ '■ 

f 

i , ' 

Stamens 

removed 

1-4-23 

1 

S 

! 

■ i 

,, .. , , 

1 

Seed of plants 

Stamens 

1-4-23 

1 white 

12 

3 

' " J 


grown in 1920-21 

and 




' 1 

f : ' 

enlture 9 

stigmas 

removed 





. , , ■ ' ■ f! 

I ' 


Stamens 

1-4-23 

1 white 

8 

1 


||!i 


removed 





'' 


Culture 0 

Stamens 

3-4-23 

I 

13 

None 

i 



and 







stigmas 

removed 





:! 



Stamens 

removed 

3-4-23 

1 

11 


' ■ V ‘1 

3 

■ ■ ' ■ ' ■.! 


Culture 410 

Stamens 



1 


fi 



and 

19-3-23 

2 

i 12 

None 

■■ fi' 



stigmas 



11 

ti 

' "■ ■ 'f' 



removed 





■ ' " ' . . ■ ■ ' ■ .1 
■ ■ ■ ■ ■ ■ ■■ ■! 


) 

Stamens 

removed 

19-3-23 

2 

} '2 

>f 

' ■ " 'll 

’ ' ' i' " " . , ■ '■ / : 1 


It 
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Althoiigli. there was no a priori reason to suspect a correlation between 
the colour of the corolla and parthenocarpy, nevertheless the variously coloured 
flowers differed in their behaviour on this point. It will, therefore, be best 
to deal separately wdth the three classes, namely, those with pink, white and 
parti-coloured corollas. 

Those with a pinh corolla resembling N. Tahamim var. Mirodato will be 
considered first. In 1921, 146 buds (on 4 plants) gave no capsules. In 
1921, two plants with 19 buds gave very small empty capsules and ten plants 
with 68 buds gave no capsules at all. A similar negative result was obtained 
in 1922-23. 

In 1921-22, 175 parti-coloured buds (on 4 plants) vrere treated with 
negative results. In 1922-23 no plants with parti-coloured corollas gave 
fruits. Thus in the three years (1921 to 1923) no parthenogenesis occurred 
in plants v/ith pink or parti-coloured corollas. iSlight partlienocarpy was 
shown in plants wdth pink corollas but none in those with parti-coloured 
corollas. 

The results obtained on plants with white corollas are somewhat different. 
Here undoubted partlienocarpy and phenospermy occurred. In 1921, out of 
four plants treated, one with 40 buds gave no capsules, the second with 30 
buds gave one capsule, the third with 30 buds gave two capsules and the 
fourth produced no less than 24 capsules from 30 buds. The capsule given 
by the second plant was not examined. The two capsules of the third plant 
when tested gave no viable seed. Of the 24 capsules given by the fourth 
plant 16 were blown off in a storm and could not be examined. Eight, 
however, were left. These had entirely the appearance of normal capsules 
and contained good, sound, fertile seed. In view of the other results obtained 
this appeared so surprising that a month later seven additional buds were 
treated and four capsules were obtained. These, however, were ordinary 
parthenocarpic fruits and contained no fertile seed. Seed from the eight 
apparently normal capsules was sown in the autumn of 1921. It germinated 
well and' gave a large number of plants with variously coloiired corollas. In 
1922j 252 buds on six plants of this culture were treated but* no capsules 
resulted. Similarly in 1923, 166 buds on ten plants from the following genera- 
tion also gave no capsules. Thus no confirmatory evidence of the production 
in 1921 of parthenogenetic seed was obtained, either by subsequent castrations 
on the same'' plant or in succeeding years from the progeny raised from this 
supposed parthenogenetic seed. That the seed from a white flowered plant 
should have given rise to plants' with variously coloured corollas is suggestive 
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of accklental cross-fertilization. White flowers are generally recessive. Too 
much stress cannot be laid on this point as no genetic analysis of the cross 
has been carried out. It appears improbable, however, that in the total 
absence of any other indication of parthenogenesis in these investigations 
eight well formed capsules should suddenly have been formed. On the other 
hand it seemed difficult at first to conceive of any accident likely to bring 
about such a result. It is nevertheless possible that pollen from a neighbouring 
branch was blown on to the newly castrated buds and this seems the most 
probable explanation. The junior author resi^onsible for this operation was 
occasionally liable to interruption while at work. It would be quite 
sufficient to leave a newly castrated spray uncovered for a few minutes for 
pollination to be effected by the strong winds prevalent at Piisa in March. 

Leaving this case aside and returning to the rest of the white flowered 
plants we find that six or eight plants showed parthenocarpy. In 1920 on 
three plants from 67 buds seven capsules were formed. In 1922, one out of 
two plants gave seven capsules from 40 buds and in 1922-23 the only two 
plants used gave four capsules from 20 buds. No fertile seed wvas obtained, 
the contents of the capsules consisting of empty seed coats. Thus in the 
hybrid culture, plants with parti- coloured flowers gave no indications of 
parthenocarpy or parthenogenesis, plants with pink flowers resembling var. 
Mirodato gave a very slight indication of parthenocarpy in one year only, 
while certain plants with white corolla like those of var. Gvba showed distinct 
parthenocarpy. 

V. Summary. 

The results obtained may be summed up as follows : — 

(1) No evidence either of parthenogenesis or of paithonocarpy was obtained 
in connection with Nicotiana Tabacmn ym. Mirodato although the number 
of buds treated during the three seasons was over 1,100. 

(2) Nicotiana Tabacimi ym, Cuba showed parthenocarpy but no 
parthenogenesis. All the plants treated in 1920-21 and 1921-22 gave capsules 
but no fertile seed. 

(3) In the hybrid plants obtained from the cross between the above 
two varieties, a certain amount of parthenocarpy was observed. This was 
alwaj^s associated with a white corolla (similar to that of the var. Cuba 
parent) but the converse, namely, that a plant with a white corolla should 
always show parthenocarpy did not hold. Whether this correlation 

than a coincidence cannot be definitely stated on account of the small number 
of plants employed. 
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(4) No evidence in favour of Goodspeed’s suggestion that parthenogenesis 
might develop with acclimatization was obtained. All the eAddence seems to 
point the other way. It was, however, found that large, AUgorons plants 
gave a high percentage of parthenocarpic fruits whereas poorly grown plants of 
the same variety gave none at all. This would indicate that in any future 
experiments the nutrition of the parent plants should be one of the points 
considered. It might be possible to induce parthenogenesis by Amry heavy 
manuring and irrigation. 

Under the conditions obtaining at Pusa, therefore, parthenogenesis could 
not be demonstrated in these two varieties of Nicotiana. Parthenocarpy 

was found to occur in var. but not in A'ar. lifrodafo. 

Pusa, 

July 3rd, mX 


5. THE INHERITANCE OF CHARACTERS IN NICOTIANA 

RUSTICA L. 



BY 

GABRIBLLE L. C. HOWARD, M.A., 

Second ImperivI Economic Botanist. 

[Received for publication on 20tii August, 1923.] 

I. Introduction. 

The importance of Nicotiana rmiim L. to India is due to the fact that it 
will thrive in situations and localities which are unfavourable to iV. Tabacum. 
The greater vigour of the seedlings, their rapid growth and the resistance to 
cold of the young plants are the chief factors which make this possible. Thus 
N, rusiica is the tobacco almost exclusively grown in the Punjab, North-West 
Frontier Province and in the Western and Central Districts of the United 
Provinces where the low temperatures of December and January prevent the 
successful cultivation of N, Tabacum, For the same reason, N. rustica is 
cultivated in many of the colder parts of Europe, such as Germany and Russia 
where it wmnld be impossible to grow N, Tabacum profitably. In Bihar, 
where both species do well, the proportion of N, rustica to N. Tabacum varies 
with the rainfall. In years with a heavy August rainfall, the seedlings of the 
more valuaHe N, Tabacum are very often destroyed. In such years, the 
more quickly growing W, rustica replaces N. Tabacum to some extent owing 
to its rapid development. Moreover, the seedlings of this species can be 
Sown much later than those of N, Tabacum. The rapid growth of this 
species also accounts for its popularity in the villages of Eastern Bengal 
where it can be grown after the subsidence of the rain inundation 
of the nionsoon period. It is possible that the faculty of N. rustica 
to establish itself rapidly and easily is partly connected with the size of 
the seeds which are much larger than those of N. Tabacum. It *is evident 
that, although A. ms/ffca is less valuable than N. Tabacum, it occupies 
a definite place in the tobacco cultivation of India. In certain localities 
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it cannot be replaced by N, Tabacum. In improving the tobacco crop, there- 
fore, both species will have to be considered but the improvement to be aimed 
at will be somewhat difierent in each case. In N, Tabacum the texture of the 
cured leaf is very important. In yellow flowered tobacco, the leaves are 
always thick and coarse and are used for purposes such as snuff in which these 
characters are of minor significance. The improvements which must be 
aimed at are increased yield and vigour and better flavour. 

Hybridization experiments on both species of tobacco (N. Takamm. and 
2V. rusiica) were begun in 1908-09 with the object of obtaining information 
on the mode of inheritance of the various characters. The work has proved 
more onerous than was expected on account of the numerous factors involved 
and the large number of plants which this necessitates. Considerations of 
time and space have, therefore, made it imperative to concentrate on one 
species only, and, as N, Tabacum is the more valuable crop, this has been 
selected for further work. The results obtained up to the present with N, 
rustica are, however, of some interest and may prove of use to future workers. 
As in the case of N. Tabacum, the characters are very complex and the factors 
involved are numerous. In this paper, date of flowering, height, length of the 
pistil and stamens, form of the inflorescence, and the undulation of the leaf 
margin are the characters considered. 

11. The Occurrence of Parthenogenesis. 

The possible formation of parthenogenetic seed in various species of 
Nicotiana has been investigated by many workers.^ In no case has either 
parthenogenesis or parthenocarpy been shown to occur in Nicotiana 9 *usti€a, 
Experiments with this particular species have, however, not been very numer- 
ous. It was, therefore, considered advisable to make a detailed study of the 
Indian varieties with regard to this point. 

A large number of experiments on parthenogenesis w^ere made in Pusa in 
1910 and 1911. The conditions were as varied as could be devised and all the 
twenty Indian types ^ were employed. These include races in which self- 
fertilization is normally impossible — such as Type 1 — as it seemed possible 
that apogamy might occur more easily in such types. Castration of the 
flowers is easy but it is necessary to remove the stamens at an early stage as 
the an ./hers often burst before the flowers open. In some cases, the anthers 

^ Wellington, R., Am.er. NaL, Vol. 47, 1913, p. 279. 

® Howard, A., and Howard, G. L. C., Studies in Indian Tobaccos No. 1. The types of 
NicoHana rusHoa L. Mem, of the De:p, of Agr, hi India, Botanical Beries, Vol. Ill, 1910, p. 1. 
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only were removed, in others both stigma and anthers. Young plants, plants 
in full maturity and plants which were almost over but still capable of forming 
seed, were used. In some individuals, side branches were chosen, in others 
the main inflorescence. The result, in all cases, was the same. The corolla 
remained fresh for an abnormally long time, the ovary began to grow out and 
then dropped. On examination, this enlarged ovary was found to contain 
no seeds. Sometimes, the young ovaries were left exposed to the air after the 
corolla had fallen, but generally they were protected against accidents by 
covering the spray with a perforated bag. In all cases, however, the immature 
capsules were shed when less than half grown. An abnormal development 
of new buds and flowers was observed on castrated inflorescences, whereas 
in inflorescences in which flowers have been cross-pollinated, only a limited 
number of buds were formed. This would indicate infertility of the castrated 
ovaries and a consequent stimulus to the plant to produce effective capsules. 
In 1910, one or two plants of each type (30 to 40 plants in all), were 
employed ; in 1911, certain selected types only. The results of 1911 are given 
in Table I. 

Table I. 

Ex'pemnents on the production of pafthenogenetic seeds (1911), 


Type number 

Normal 
method of 
pollination 

Condition 
of the plant 

Number of 
buds 
castrated 

Number ot 
capsules 
obtained 

Type 4 .. 

Cross & self 

In full flower 

50 

Nil 

fj . . . . 

Self 


50 

Nil 

»» 5 . . , , 

In full flower 
and fruit 

38 

' Nil 

» d . . 

Cross 

Nearly over 
Three-quarters 
over 

42 

. Nil 

»» 8 . , 

Cross & self 

42 

Nil 

„ n .. 

Gross &, self 

Three quarters 
over 

34 

Nil 

„ 12 .. 

Cross & self 


39 

Nil 

„ 16 .. 

Cross & self 

In full flower 
and fruit 

22 

NU 

■ „ ^ 17 ■ 

Cross & self 

In full vigour 

50 

Nil 

a T8 

Fj Type I xType 18 

Cross & self 

Fairly young 

13 

Nil 

Cross & self 

In full vigour 

- 36 

■Nil . 


11 plants 


421 buds No caxjsiiles 


In both 1910 and 1911, not a single capsule or seed was formed and 
no evidence eitlier of parthenogenesis or parthenocarpy could be found 
among the twenty Indian types when grown at Pusa. 
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III. The Experimental Results. 

The importance of absolutely uniform environmental conditions in 
iii\restigatibns dealing with the inheritance of the size of organs has been 
emphasized in a previous paper^ on the genetics of Tabaciim. The precau- 
tions, described in that paper, were observed in the present series of experi- 
ments and similar methods of raising the experimental plants were employed. 
The six parents were selected from among the twenty types previously des- 
cribed.^ These had been under observation in the experimental area for a 
number of years. All the seed employed, whether of parents or of hybrids 
was raised under parchment bags. The actual operation of hybridization is 
easy in this species but care must be taken to remove the stamens at an early 
stage as, in many of the types, the anthers burst in the bud. To remove 
the stamens effectively, it is necessary to slit the corolla on one side. In 
India, crossing can be most successfully effected if the buds are castrated in the 
evening and if the stigmas are pollinated {luring the following day. Want of 
space and time have, unfortunately, kept the number of plants under observa- 
tion smaller than was desirable, especially in the case of the parents. The 
range of variation in these was determined each year afresh. 

The following crosses were made: — 

(1) Type 1 (tall) x Type 5 (tall) 

(2) Type 1 (tail) x Type 18 (short) 

(3) Type 1 (tall) x Type 16 (short) 

(4) Type 16 (short) x _ Type 15 (short) 

(5) Type 16 (short) X Type 17 (short). 

The full descriptions of these types will be found in the Appendix (p. 35). 

In all the characters except height, the Fi was intermediate between 
the two parents, in most cases occupying the position of the exact average 
between them. These results agree with those previously ol>t^.ined in the 
case of N. Tabacum^^ As regards the height, however, in all crosses, 
whether tall X tall, tall x short or short X short, the Fj plants were distinctly 
taller than either parent. On this point the results differ from those obtained 
previously with N, Tabacum L. where the Fj was often intermediate in height 
generally with a leaning towards the taller parent^* s. The types used in 

^ Howard, G. L. C., Mem. of the Dept, of Ayr. in India, Botanical Series, Vol. VI, 1913, j). 5 
> Howard, A., and Howard, G. L. 0., l.c, 

Hayes, K., Bulletin 171, Gonnecticut Ayr. Exp. SL, 1912. 

^Howard, G. L. 0., l.c. 

® Setchell, W. A., Goodspeed, T. H., and Clausen, R. E., University of California Publications 
in Botany, Vol. V, 1922, p. 458, 
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TYPE 1 X TYPE 18. 



2J (a) 


Table IL 

Time of Flowering. 




Date of 
iioweiing of 
parent 

Dec EMBER 








jAJiUARY 












Febritary 



Total 
Number 
of ijlants 

20-27 

28-29 :W-31 

f—' 

1-2 

3-4 

5-() 

7-8 

9-10 

iM2 

13-14 

15-10 

17-18 

19-20 

21-22 

23-24 

25-20 

27-28 

29-30 

' ! ^ 

31-1 

2-3 

4-5 

0-7 

S-9 

10-11 

i2-iy 14-15 

10-17 

18-19 20-21 

Tyxjo 1 





. • . . 


. , 

, . 

5 

vS2 

32 

39 

54 

■ 55 

47 

35 

IS 

10 

5 

7 

2 

2 








. . 

393 

Type 18 .. 





. . 


, . 

. . 

. . 


. . 

. . 


. . 


1 

1 

3 


17 

23 

21 

10 

1 


• . 

- 


.. 

.. 

81 

Fx Type lx Type 18 













1 

• • 

6 

17 

15 

7 

2 

2 

1 


1 

•• 



*• 


•• 


52 

Fa TytJO l x Tyi)e IS . . 








3 

5 

10 

20 

33 

29 

71 

75 

74 

100 

07 

61 

54 

39 

25 

11 

1 

I 

•:) 


4 



080 

Fx (Type Ix Tyx^e 18) x Type 

1 .. 





. . 

1 

2 

3 

0 

15 

28 

37 

39 

40 

44 

4S 

40 

20 

11 

9 

4 

1 







. . 

348 

Fi (Type 1 x Type 18) X Type 

18 .. 





•• 








4 

7 

12 

45 

32 

39 

30 

25' 

IS 

2 

4 

,2 

1 

1 


*• 


231 

Type 1(> .. ' 






. . 






. . 

. » - 

i 

1 

1 

3 

7 

10 

3 

0 

2 

o 

u 


1 

1 


. . 



39 

Typo 17 . . . . 







* * 












. . 


.. 

2 

2 

2 

4 

0 

1 

1 

. * 

1 1 

20 

Fx Ty|)e 16 X Ty^je 17 . . 















- 


1 

4 

13 

10 

11 

15 

10 

3 

9 

<s 

3 
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Type IG - , 













1 

5 

S 

20 

25 

34 

29 

IS 

13 

4 

4 

2 

1 



. * 
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Type 17 
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. . 

^ . 

. . ' 

. . 
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0 

15 

15 

S 

0 

I 

3 

2 



52 

Type IG X Typo 17 .. 







*• 







•• 


1 

5 

16 

28 

54 

41 

26 

17 

2 

7 

2 

1 

•} 


.. 

202 

Type 1 .. 








. . 

. . 


1 

2 

S 

6 

7 

r? 

1 

2 

. , 

1 

1 

. . 

, . 

, . 

. » 

, . 

, . 

, . 

f f 

« « ♦ • 
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3 

3 
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1 

1 
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3 

7 

16 

10 

13 

4 

2 

1 











. . . . 

50 
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.. 

•• 



- 

. 5 

12 

32 

39 

54 

55 

47 

35 

18 

10 

5 

7 

•> 

2 





. . 

* , 

. . . . 

323 

Types 




• • 



- 


2 

10 

22 

27 

42 

39 

34 

13 

4 

. , 

5 








. .. 
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Fa Typo I X Type 5 .. 




4 

1 2 

(> 

22 

20 

50 

57 

02 

78 

74 

90 

107 

77 

45 

34 

15 

9 

0 

10 

4 

3 

1 



• • 


. . 

795 

Type 15 




* . 


. . 

. . 

. . 



. . 




, , 

« » 

4 

S 

7 

0 

4 

4 

4 


1 






1 

1 38 

Type 15 .. .. 










• • 



. * 

1 

1 

1 

3 

7 

10 

3 

{) 

2 

3 


] 

1 





39 

F^^ Type 15 Type IG . . 




•• 

.. 

•• 


• • • 




• • 

•• 


4 

5 

13 

23 

3 

4 

11 

5 

2 

2 

1 






73 

Type 1 




. . 


. . 


, , 


. . 

1 

- 2 

8 

6 

7 

7 

1 

. 2 


1 

1 










30 

Type 10 

•• 



*■ 

.. 




. . 


. . 

. . 


1 

1 

1 

3 


10 

3 

() 

2 

3 


J 

1 
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F.J Typo X Type 10 


1 

•• 

' •• 






2 ■ 

51 

20 

31 

00 

40 

62 

79 

71 

40 

34 

23 

17 

10 

{> 

3 

*> 





504 

Type! 

•• 



•• 
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5 

12 

32 

39 

54 

55 

47 

35 

18 

10 

5 

7 

2 

2 
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this investigation and some of the first generations are shown in Plates 
:ItoIX., 

1 . Time of flowering. 

The date of the opening of the first flower on each plant was taken as the 
criterion of this character; The examination was carried out each morning 
at approximately the same tim.e and the number of plants flowering for the 
first time recorded. The absence of rain and the generally settled and uniform 
character of an Indian cold season make such observations easier and more 
trustworthy than they would be in a climate like Europe, where cloud and 
absence of sun might introduce irregularities. The observations are given 
in Table IL 

Unfortunately, on account of illness, these observations could be carried 
on to the F3 in one case only, namely, in the cross Type 1 )< Type 16. The 
results are very similar to those observed in the case of N. Tahacum^— ih% 
Fi is intermediate between the two parents and the F2 shows a range greater 
than the combined ranges of the parents. In the Fg, segregation takes place 
and the range of variation of the progeny of each F2 plant is diflerent. As 
would be expected from the fact that the range of the F2 generation exceeds 
that of the parents, some of the plants in the F3 are distinctly earlier than 
either parent, for example No. 440. 

In Type 1 ' X Type 6, we have another case which the range of the F2 is 
much greater than that of the parents. The number- of early plants in this case 
is especially marked. * ’ 

2. The leaf characters. 

The leaves of all the Indian types of N. rustica are characterized by a 
great unevenness or puckering of the surface,, due to irregularities in the 
growth of the lamina between the veins. In some types, such as 17 and 18, 
this puckeriilg is very marked while in Type 16 the leaves are almost but not 
quite flat. All stages of intensity occur among the various types but these 
undulations are never absent even in Type 16. In addition to this uneven 
puckering of the surface, there is in some types a very definite regular undula- 
tion or frilling of the margin of the leaf. This frilling of the edge is quite 
distinct from and is inherited separately to the undulations of the general 
surface. No attempt was made to determine the mode of inheritance of the 
surface undulations but observations w^ere made on the relation between the 
frilled and flat margins in leaves. The two types used in determining the 


^ Howard, G. X. 0., Ic. 
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ialieritance of this character were Type 1 (Plate I) with a wavy or undulated 
edge and Type 16 (Plate V) in which the edge is practically flat. A few undula- 
tions appear in the photograph but these are due to the uneven growth of the 
lamina itself, whereas the slight undulation or frilling in Type 1 is confined 
to the margin. The F| was intermediate between the two parents ; the 
margin was wavy but less so than in Type 1 . In the F^, plants with frilled 
and flat margins were found in the following proportions - 


Total No. of plants 

Wavy margin 1 

Mat margin 

o57 

424 

133 


Ratio S‘S 

1 


In the F 3 , a large number of plants were grown. Those in which the 
margin of the leaf was flat, invariably gave progeny with flat-margined 
leaves. Some of those in which the leaf margin was undniated bred true to 
this character. Others gave rise to a mixed progeny consisting of plants with 
frilled and flat margins in the ratio of approximately 3:1. 

It would, therefore, appear that there is only one factor involved in the 
undulation or frilling of the margin and that a flat edge is recessive to a wavy 
margin. A similar result was obtained in the case of .¥. Tabacum^ 

The shape of the leaf has not been investigated in any great detail. It 
will be seen from Plates I to IX that the leaves of the Fj are generally ijiter- 
mediate in shape and size between those of the parents and this is particularly 
well shown in the inflorescence leaves. In the Fo, a series is obtained in 
which the general outline, the size and the apex all vary. In Plate X, typical 
representatives of the F 2 series in the cross Type 1 X Type 16 are shown. 

3. The flower characters. 

As regards the flower characters, the F| between any two types is generally 
a perfect intermediate between the parents. In Plate XI the parents and the 
Fi ill two crosses Type 1 X Type 18 and Type 15 x Type 16 are shown. In the 
shape of the sepals, the shape and size of the corolla, the shape of the capsules 
and the position of the essential organs, the Fi is half-way between the two 
parental types. 

The first point investigated was the relative lengths of the pistil and 
stamens. In ¥. rustica, the stamens are adherent to the corolla and the 


^ Howard, G. L. C., Lc, 
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relative position of the anthers to the stigma varies in the different typesd 
Thus the anthers may be below the stigma, at the same level as the stigma or 
above it. In observations on this character, it is best to carry out the examina- 
tion of the flowers in the field. Care must be taken to use only those flowers 
which are borne on the main inflorescence and only those flowers which open 
during the real flowering period,^ In late-formed flowers or in flowers on 
late-formed side branches, the relative position of the stigma and anthers 
varies considerably. This phenomenon is seen in all the types. The general 
tendency is for the later formed flowers to have both anthers and stigmas at the 
same level. The stage in the development of the individual flower is also of 
importance as the relative positions of the anthers and stigma change diuing 
development. It is advisable to use flowers which have just opened fully 
and to carry out the examination in the morning when such flowers are 
abundant. 

The first cross investigated was that of Type 1 X Type 16. In Type 1, 
the anthers are far below the stigma, rendering self-fertilization, except by 
external agency, impossible. In Type 16, the anthers and stigma are approxi- 
mately at the same level. The Fi is intermediate in character, the anthers 
being just below the stigma as in the first generation of Type 1 X Type 18 
(Plate XI}. In the F 2 » plants resembling both parents and also the first 
generation occurred. It w^as possible to separate those forms which resemble 
Type 16 — those in which the anthers were at the same level as the stigma — 
from the remainder. It was not possible, however, to distinguish between 
the forms resembling Type 1 and those which were like the first generation. 
The following numbers were obtained in an examination of two Fg cultures:— 


Table III. 

Relative position of the anthers and stigma in the F 2 of Type 1 X Type 16. 


Total No. of plants 

No. of jilants with anthers 
below stigma 

No. of plants with anthers 
level with stigma 

328 

393 ; 

135 

■51S j 

382 

136 

104(> 

,770 ■ 

271 

Ratio 

2'9 



^ Howard, A. and Howard, G. L. G., l.c. 

^ East, E. M., Amer. Jour, of Boixcny, Vol. 3, 1916, p. 210. 
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Five plants were grown in the F 3 generation, 
below 


Table IV. 


The results are given 


Belative position of the anthers and stigma; in the generation of Type 1 X 

Type 16. 


Culture 

Parent 

Fjj generation 

A 61 

Anthers below the stigma 

182 plants with the anthers below 
the stigma; 76 plants with the 
anthers level with the stigma 

A 127 

Anthers below tlie stigma 

120 plants, ail with the anthers 
below the stigma 

A 182 

Anthers below the stigma. 

150 plants, all with the anthers 
below the stigma 

A 440 

xAnthers level with the stigma 

90 plants, all with the anthers 
.level with the stigma 

A 490 

- . J 

xAnthers level with the stigma 

i ISO plants, all with the anthers 
level with the stigma 


The F 4 progeny of two plants of A 127 were examined and, in all cases, 
the anthers were well below the stigma. It would thus appear that the 
difference in the relative positions of the anthers and stigma in Type 1 and 
Type 16 is due to the existence of only one factor. Measurements were made 
of the length qf the pistil, of the corolla tube and of the height of the anthers 
above the base of the corolla. It was found that the length of the corolla 
tube and the height of the anthers above the base of the flower was the same, 
in both types but that the height of the stigma above the base of the corolla 
was difierent. If this difference in the length of the pistil is caused by a 
single factor, the results obtained in the cross Type 1 X Type 16 are 
explained. 

The next case investigated was that of the cross Type 1 x Type 5. As 
stated above, in Type 1 the anthers are well below the stigma. In Type 5 , 
on the other hand, they are markedly above it and their relative position with 
regard to the stigma resembles that in Type 15 in Plate XI. In the Fj, the 
anthers were slightly above the stigma. In the Fs, a series was obtained wdth 
every transition between the two parent types. A few plants resembled 
Type 5 and a few Type 1 but, in most, the anthers were either just below the 
stigma, ju«t above it, or at the same level. Measurements of the flowers 
showed that, not only was there a difference between the height of the stigmas 
above the base of the corolla, but that the height of the anthers and of the 
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length of the corolla varied also. In Type 1 , the height of the antliers above 
the base of the corolla is 16 to 16*5 rn.m., in Type 5, 15 to 15*5 rain. Here, 
therefore, at least two factors are concerned. This explains the series obtained 
in the ¥ 2 . As the differences involved are small and the errors of measurement 
considerable, this point was not followed any further. 

The other flower characters considered were the diameter of the calyx 
and corolla. The diameter of the calyx at its widest point was taken and the 
diameter of the corolla was measured just below the point of expansion of the 
corolla tube to form the limbs. It will be seen from Plate XI that Type 1 
and Type 16 differ very markedly in these characters. As mentioned above, 
the length of the corolla tube is the same in both. Six typical flowers were 
measured on each plant of the ¥ 3 . The results agree generally with those 
obtained for other species of Nicotiana by several observers. The range in the 
¥2 covered the combined range of both parents. The work was not carried 
any further owing to the difficulty and labour involved in obtaining accurate 
measurements of such small differences. 

Table V. 

Inheritmice of the maximum diameter in corolla and calyx. 

Diameter of the corolla. 

Type 1 .. .. Average diameter .. 12*0 mm. Range ll’o mm. to 12*5 mm. 

Type 16 . . . . „ „ . . 14*0 mm. „ 13*5 mm. to 14*5 mm. 

Fg Type 1 x Type 16 

Diameter in mm. .. 11*5 12*0 12*5 13*0 13-5 14*0 14'5 

No. of plants . . .. 16 42 66 41 25 12 7 

Dmneter of the calyx. 

Type 1 .. .. Average diameter .. 12*5 mm. Range 11*5 mm. to 13*0 mm. 

Type 16 .. .. •• 17*5mm. „ 16*5 mm. to 18*0 mm. 

1*^2. Type l x Type 16. 

Diameter in mm. . . 11*5 12*0 12*5 13*0 13*5 14*0 14*5 15*0 

No. of plants .. 2 9 16 20 30 28 21 22 

It ^11 be seen that the range in the F2 covers the combined range of l)ot!i 
parents but is no greater. 

4 . Height of the plant and form of the inflorescence.^ 

It will be necessary to consider these two characters together as the 
form of the inflorescence materially affects the height of the plant. The 
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Indian types of N. rustica fall into two groups which are easily distinguished 
in the field (1) tall plants with an open habit and long internodes, (2) short 
plants with short internodes. That the difference in height between these 
two groups is due to the length of the internodes and not to their number is 
shown by the following Table : — 


Table VL 

No. of internodes {stem)^ md height {1911), 


Type 

No. OF IXTERXODES 

Average height 

Average 

Range 

cm. 

Oroup I (tall) . . Type 1 . . 

28*5 

2^7 to 31 

175-3 

Type 5 , . 

25*5 

23 to 28 

354*9 

Fj Type 1 X T^^pe o . . 

27*0 

26 to 30 

216-0 

Group II (short) . . Type 16 . . 

28*0 

20 to 30 

104-4 

Type 17 .. 

' 30*0 

; 29 to 32 1 

102*5 

• p. Type 16 X Type 17. . 

29*5 

i 

28 to 32 

111*7 

Type 15 .. 

' 27-5 

2,5 to 31 

95-8 


In the first group not only are the internodes of the leafy portion of the 
stem long but the inflorescence is also extended with long internodes. In the 
second group, the internodes of the stem are always short but the inflorescence 
may be extended and open (Plate XV) or very compact (Plate VII). There 
appear to be a number of intermediates betAveen these two extremes. In 
addition to this difference in the length of the internodes of the axis of the 
inflorescence, the flo^vers themselves may be borne at long or short intervals 
on the branches tlius giving an appearance of sparse or crowded flo’wering. 
Plate XII, on which branches of certain types are drawn to scale, illustrates 
this point. A plant with long internodes generally has the capsules far. apart 
but this is not always the case. For instance, the proximity of the capsules 
in Type 5 and in Type 16 is much alike although the form of the inflorescence, 
depending on the length of the internodes on the main stem, is very different 
(Plates XIL II and V). 

^ Tile word steih is used to denote the leaf- bearing axis of the plant as opposed to the axis 
of the infloresceiioe. 
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Table VII. 

Height Type 1 x Type 18. 




Height 

of 

parent 

GE2TTIMETKES 

Total 
No. of 

Mean 

S. D. 

C. of V. 



77 

82 

87 

92 

97 

102 

107 

112 117 

122 127 

132 

137 142 

147 

152 157 

162 167 

172 

177 182 187 

192 197 202 207 

212 

plants 
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2 

8 

13 

19 

19 
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7 
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.. 
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76 

98*4 ± *68 

6*8 zb *62 

8-9 ± -61 

Type 1 . . . . 
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1 

3 

11 

17 

23 

23 

22 

16 

11 

4 
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142*0 zb ‘60 

10^3 ± *43 

7-2 ± -30 
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1 

3 

1 

3 

13 

5 

7 

5 

3 

6 

2 

•• 


49 

177*5 zb ‘54 

5*7 zb -39 

3*2 ± *21 

Type 1 X Type 18 
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6 

7 

10 

13 

18 

17 

12 

9 

9 

11 

5 

14 

27 

23 

32 

43 

51 

44 

30 

33 

18 

16 

11 

9 

4 

1 

474 

155*0 ±1*58 

29*2 ±1*12 

18-3 ± -72 

Type l x Fj(Typel x 18) 











2 

11 

8 

8 

17 

32 

33 

41 

31 

19 

18 

5 

6 
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232 

149*4 zb *58 

13*15 ± *41 

8*80 ± *27 

Type 18 x (Type 1 x 18) 



1 

4 

4 

6 

8 

14 

9 

9 

1 


1 

1 



2 

9 

5 

14 

5 

7 

6 

2 

4 

1 

2 


2 


117 

135*0 zfc2*24 

3o'96 ±T.5S 

±1-17 

TypelS .. 
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10 

37 

52 

49 

23 

1 

. . 
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5*9*3 ± *21 

5*75 ± ',20 
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21 

8 
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99 
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10-05 ± -48 

6*78 ± *3,2 

Fs Type 1 x Type 18 
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144 
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31 

38 

29 

9 
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. . 
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133 
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IS 

12 
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Five crosses were made to investigate the factors concerned in the 


(1) Type 1 X Type 16. 

(2) Type 1 x Type 18. 


These two are examples of a cross between a tall plant wdth a very open 
inflorescence (Type 1) and a short plant in which the inflorescence is crowxled 
(Types 16 and 18, the inflorescence of Type 16 being a little more open than 
that of Type 18). 

(3) Type 1 X Type 5. 

This represents the union of twD tall races, Type 5 being shorter and 
having a slightly more crowded inflorescence than the other. 

(4) Type 16 X Type 17. 

(6) Type 16 x Type 15. 

Types 16 and 17 are both short (81 and 72 cm. in 1908) with crowded 
inflorescences. In the last cross, both parents are short (81 and 82 cm.) but in 
Type 15 the inflorescence is more open. 

The height of the Fj wfas, in all cases, greater than that of the tallest 
parent. In some cases this difference was small in amount ; in others, 
notably in Type 1 X Type 5, it w^as relatively much greater. 

Short X shorL 

The case of the cross short X short (Type 16 X Type 17 and Type 16 X Type 
15) will be considered first. These three types do not differ greatly in height. 
As stated above, in both cases the Fi was distinctly taller than either parent. 
A large lumber of plants were grown in the F 2 generation. All w^ere short ; 
nothing taller than the F^ was produced in either cross. No extensive series of 
measurements were made but the F 2 cultures appeared almost uniform and 
very like the parents. Thus, in these two cases short x short gave only short 
plants of approximately the same height as that of the parents and the Fi. 


Tall X shorL 

The union oi tall X short (Type 1 X Type 18 and Type 1 x T5T)el6)must 
now be considered and the cross Type 1 X Type 18 will be examined first. 
The results are given in Table VIL 
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The Fj was not only taller than Tjrpe 1 (the tall parent) but the inflores- 
cence was more open and the floAvers were more sparsely borne on the branches 
(Plate IX). The F 2 was a mixture of short and tall plants in -which tall plants 
greatly preponderated. The range was the same as the combined range 
of the two parents and the Fj. By far the largest number of plants had open 
inflorescences. Compact inflorescences were only to be found on plants 
approximating to the height of Type 18. All the tall or moderately tall 
plants had open inflorescences resembling Type 1. Thus a compact inflores- 
cence seems to be incompatible with very long stem internodes. There were, 
however, short plants with quite open inflorescences (like- that of Type ]) 
and plants of which the inflorescences were intermediate in character as well 
as short, compact plants. There is, apparently, notliing incomjiatible between 
an inflorescence With long inflorescence internodes and short stem internodes 
as the analysis of the existing types had already shown. The following is a 
graphic representation of the height of the parents, and of the Fi and P 2 
generations in 1912. 



Fig. 1. ParenU, and F^ generations of the cross Type 1 x Type IS. 

It will be seen that the form of the curve suggests a 1 to 3 ratio, the break- 
occurring at about 130 cm. This is borne out by the actual numbers 118: 
356 which are practically theoretical. As the parent curves slightly overlap, 
these numbers cannot be taken as strictly accurate but they do indicate the 
1 : 3 ratio. If the short plants only are taken into consideration, it is found 
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that the plants with an open or extended inflorescence form one-quarter of the 
whole number of short plants (29 in 118). 

The Fi was also crossed back on to both parents. From the union of the 
Fi with the tall parent only tall plants with open inflorescences were obtained, 
the range of variation being approximately equal to the combined range of 
Type 1 and the Fj. No plants which could not be grouped with these were 
produced. . When crossed back on to Type 18, however, both tall and short 
plants were produced in approximately equal numbers (58 short to 59 tali), 
with a distinct break in the series. The inflorescence of all the tall plants \vas 
open but it varied from open to compact in the short group. In this group, 
the plants with an open inflorescence again formed one-quarter of the whole, 
namely, 14 in 58, In Plate XIII, a tall plant, a short plant with an open 
inflorescence and a short plant with a compact inflorescence are shown. 

The simplest explanation of the above facts would appear to be the 
following. Group I (tall) differs from group 11 (short) by a single factor L 
which affects the length of the internodes both of the stem and of the inflores- 
cence and this cha.racter is completely dominant. As, how^ever, short plants 
with open inflorescences occur, Type 1 must contain an additional factor 00. 
which only affects the inflorescence. In the presence of LL or LI this factor 
would not be apparent as all plants containing* Either LL or LI would be tall 
with open inflorescences. In the group of short- plants, i.e., those containing 
LL the efl!ect of the factor 00 wo\ild be visible and all plants containing 
00 would have open extended inflorescences. The inflorescences of plants 
containing oo would be compact. The Fi 00 is apparently intermediate 
between compact and open with a strong leaning tow^ards the compact form. 
Further evidence on this point will be given when cross Type 1 X Type 16 is 
considered. 

The results obtained by crossing the tall group of N. rmtica with the 
short group (i.e., cornplete dominance in. the Fj and in the F 2 a 3 : I segrega- 
tion indicating a single factor difference) are similar to those obtained by 
workers on other crops. b 2 , 3 Emerson' showed that in the case of beans this 
single factor was connected with the habit of growth. The short beans were 
determinate in their growth, the tall ones indeterminate. ; 

There is one other point which requires mention in connection with this 
cross and that is the fact that the break, both in the curve of the F^ and of the 
cross Type 18 X Fi (Type 1 X Type 18), occurs at 130 cm. whereas the limit of 

Q., JerM d. NaturJ. Ver. Bviinn, IV, 1865. 

2 Bateson, W., and Punnett, R. Q.;Eejport Mvol, Com. 1008. 

» Keeble., P., and Pellew, C., Journal of Genetics, I, 1910, p. 47. 

^ Rmersoft, R. A., Bull. 7, Agr. Exp. Sta. of Nebraska, 1916. 
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tlie short parent is about 120 cm. The break is quite distinct in both cases 
and could not occur anywhere else. Two causes are probably concerned in 
this ( 1 ) the added vigour due to hybridization as shown by the Fj ( 2 ) the 
increase in height of the short plants which must result from the presence of 
00 . 

The cross Type 1 X Type 16 will now be considered. In general, the 
results (Table VIII) resemble those of the last cross. The Fi was taller than 
Type the tall parent, and had a very open inflorescence. In the F 2 , a series 
of short and tall plants were obtained. All the tall plants had open inflores- 
cences but the short plants were a mixture of plants with open and compact 
inflorescences. The range of the F 2 was slightly greater than the combined 
range of both the parents and the Fi, indicating that Type 16 contains a factor 
not present in Type 1. The second generation does not give so clear an 
indication of a 3: 1 ratio probably due to the presence of this additional 
factor. 

No further obilervations on the relation of tall plants to short were made 
in this case but the inheritance of the form of the inflorescence was studied 
among the group of short plants. Five individuals were chosen which approxh 
mated to the short parent (Type 16) in height but of which the form of the 
inflorescence varied. In the F 3 , the following results were obtained (the 
detailed measurements of the height are given in Table VIII and the photo- 
graphs of the F 2 plants in Plate XIV). 


Table IX. 

Inhentance of the form of the injloreseence. 


Plant No, 

F 3 generation 

Eorni of the inflorescence 

No. of 
plants 

Fj generation 

Height and form of the 
jnfiorescence 

A 440 

Inflorescence open 

65 

1 

Inflorescences of ail <are open 
and like the parent 

A' 182 

Inflorescence open 

lai 

! Inflorescences of ail are oj^en and 
j like the parent plant 

A 127 

Inflorescence intermediate 

between open and compact 

109 1 

1 

. i 

Inflorescences not uniform 

' 

A 61 

r 

Inflorescence intermediate 

between open and compact 

i 

! 

■ . 

259 

Inflorescences were a mixture of 
open, compact and intermediate 
forms resembling the parent 
plant. Out of a total of 259 
plants 62 plants were as 
compact as Type 16 giving a 
ratio of 3 ' 2 : 1 

; A 490 

j 

Inflorescence intermediate , 

betw een open and compact j 

104 

Inflorescences were a mixture 
as above 
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Table Vlll. 


Height Type 1 X Type 16. 




Height 

of 

Centimetres 

Total 
No. of 
plants 

Mean 

i 

S. D. 

C. of V, 



l)arent 

67 

72 

77 

S2 

87 

92 

97 102 

107 

112 

117 

122 

127 

132 

137 

142 

147 

152 

157 

162 

167 

172 177 

182 

187 

192 

197 202 '-207 212 217 222 227 232 237 

Type 16 . . 

• • 


» . 

• * 

.. 


1 

3 

1 

13 

7 

6 

3 



. . 


. . 


. , 

, .. 

. . 

. . 

. . . . 

. . 


. . 



34 

104-6 i *73 

6-31 ± -52 

6*03 ± *49 

Type 1 . . 

•• 

•• 


•• 







•• 



•• 







1 

5 

2 

4 3 

4 

3 


1 

1 

24 

175-3 ±1-58 

ii*53 ± -99 

■ 6-57 ± *57 

Fjf Type 1 X Type 16 . . 



1 


1 


1 

2 

4 

8 

8 

6 

12 

11 

12 

11 

5 

14 

9 

15 

20 

18 

16 

26 22 

23 

22 

29 

13 

23 11 7 5 3 1.. 3 

362 

165-4 ± 1-1 

32-86 ± -42 

19-87, ± *25 

Type 16 . . 






2 

4 

20 

22 

38 

16 

5 

2 











* . 






109 

99-7 ± -43 

6-78 ± -31 

6-80 ± -31 

Type 1 .. 













3 

7 

21 

33 

43 

31 

31 

28 

13 

9 

4 

3 






226 

141-7 ± -52 

11-53 ± -36 

8*14 ± ’2t> 

Type 1 X Type 16 . . 

.. 



•• 



•• 

•• 


•• 








3 

2 

5 

9 

13 

17 

10 12 

2 





73 

167-7 ± *78 

9-90 ± -55 

5-90 ± -33 

Fs Type 1 X Type 16 . . 

440 

V 



1 

1 

4 

5 

15 

12 

12 


8 

















65 

102-3 ± -77 

9-27 ± -59 

9-06 ± -58 


490 

104 

1 

4 

18 

21 

25 

22 

20 

18 

13 

12 

5 

2 

1 

1 








. . . . 

. . 





163 

93-6 ± -67 

12-72 ± -47 

13-59 ± -50 


182 

140 

* • 


1 

5 

7 

23 

28 

28 

19 

11 

7 

2 





. . 





. . . . 

. . 


. . 



131 

100-2 ± -53 

9-01 ± -37 

' 8-99 ± *37 


61 

148 




1 

3 

4 

19 

38 

48 

37 

41 

22 

14 

13 

4 

1 






. . 






245 

111-7 ± -47 

11-04 ± *33 

9-88 ± *29 


127 

144 

•• 




1 


1 

8 

9 

23 

17 

21 

15 

10 

2 

2 



*• 



•• •• 






109 

118-1 ± -64 

9-94 ± -44 j 

^ 8-41 ± *37 

Type 16 . . 





1 

4 

10 

22 

10 

0 







. , 

. . 

. . 


, . 

. . 


. . 

. . 

. . 

. . 



49 

91-3 ± -51 

5-33 ± -36 

5-83 '± *39 

Type 1 . . 

. . 



•• 

•• 

•• 

•• 

*• 

•• 

•• 

•• 

1 

1 

1 

1 

•• 

1 

2 

1 

3 

3 

3 

•• 




*• 



17 

144-7 ±2-58 

15-81 ±1-83 

10*92 ±M2 

Type 1 X Type 16 . . 

490 - 5S 

110 

2 

18 

35 

39 

27 

9 

1 





















131 

80-9 ± -38 

6-08 ± -26 

7*52 ± -32 

m 

490 -118 

91 


2 

5 

21 

42 

36 

11 

2 


• • 




.. 

• • 


.. 

.. 

. . 

• 


.. .. 

. . 





119 

88-1 ± -35 

5-65 ± -25 

6-41 ± -28 


490 - 60 

103 

. . 

6 

14 

11 

26 

22 

9 

10 

10 

9 




- 



.. 

. . 


.. 

.. 

. . .. 

. . 



.. 


117 

91-2 ± -67 

10-68 ± -43 

11-71 ± *47 


490 - 65 

118 


12 

14 

23 

16 

21 

16 

14 

8 

6 

3 



.. 

. • 


.. 

. * ■ 


.. 

.* 

.. .. 






133 

97-8 ± -81 

13-86 ± -55 

14-17 ± -56 


490 - 52 

128 

. . 

. . 

. . 

. . 

1 

2 

6 

8 

19 

36 

39 

10 

.. 

1 



. . 

.. 

. . 

.. 

.. 

. .. . . . 


. . . 

. . 



122 

111-9 ± -55 

9-06 ± -39 

8-09 ± *35 


440 - 34 

f 


•• 

.. 

•• 

•• 

5 

4 

3 

13 

30 

20 

26 

12 

2 





•• 

lu—. 

•V 



*• 


.V , 


125 

115-tf ± -52 

8-54 ± -38 

■7-54 ± *13 
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From tlie above table it will be seen that in the Fg the two plants A 440 
and A 182 with open inflorescences bred true to an open inflorescence. A 4 40 
was continued into the F 4 when a uniform progeny of 125 plants, all witii open 
inflorescences, was obtained. The plants A 127, A 61 and A 490, in which the 
inflorescence w^as of an intermediate character, all gave mixed progenies with 
open, compact and intermediate inflorescences. In the single case in which a 
count was made, the plants with compact inflorescences formed about one 
quarter of the whole. 

One plant of the culture A 440 and five plants of culture 490 were grown 
in the F 4 generation. These five plants included one in which the inflorescence 
was open, two in which it was compact and two in which it was interme diate 
in form. The first plant bred true to an open inflorescence. The two compact 
plants also bred true but differed slightly from one another. A 490-118 
resembling Type 16 while A 490-53 was still more compact. The two indivi- 
duals with intermediate inflorescences gave mixed progenies. These results 
are summed up in Table X and three of the parent plants are shown in 
Plate XV. 


Table X. 


Form of the inflorescence in the genemtion. 


Plant No. 

Pg generation 

Porm of the inflorescence 

No. of 
plants 

P 4 generation 

Height and form of inflorescence 

A 440-34 

Open 

125 

Inflorescence all open. Height 
uniform 

A 490-53 

Compact 

131 

Inflorescences all compact. 
Height uniform and shorter 
than in Type 16 

A 490-118 

Compact 

119 

Inflorescences, all compact. 

Height uniform and equal to 
Type 16 

A 490-56 

Open 

122 

Inflorescences all oi)en. Height 
uniform and greater than in 
Type 16 

A 490-60 

Intermediate 

117 

Inflorescences a mixture of open, 
compact and intermediate 
forms. Height not uniform 

A 490-65 

Intermediate 

133 

Inflorescences a mixture of open, 
compact and intermediate 
forms. Height not uniform 

- - m 


The question of the height of these short plants must m\\ be considered. 
In the F 3 generation none bred true to this character with the possible excep- 
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tioii of A 127. In tlie F 4 an interesting result was obtained. The two cultures 
of which the inflorescences were compact, namely, A 490-53 and A 490-118, 
were grown in long lines next to the parent types. Culture A 490-53 was 
uniform and decidedly shorter than Type 16. This observation was confirmed 
by direct measurement (see Table VIII). The average height was found 
to be 80*9 cm. whereas that of the parent type was 91 '3 cm. The low value of 
the co-efficient of variability points to probable uniformity. Culture A 490-118 
was also uniform, in height but resembled Type 16. We have thus obtained 
not only a uniform culture resembling Type 16 but also one about 10 cm. 
shorter. The inflorescences of both cultures were compact but while that of 
A 490-118 resembled Type 16 in being slightly open, the inflorescence of 
A 490-53 was very condensed like that of Type 18. It, therefore, appears 
probable that Type 16 contains some factor P capable of converting a very 
compact inflorescence into one slightly more open but yet compact. This 
factor is absent both from Type 1 and from Type 18. This would agree 
with the experimental results. In the F 2 of Type h (LLOOpp) X Type 16 
(liooPP) there would be 25 per cent of short plants, of these one quarter 
would possess 00 and have an open inflorescence while the inflorescences of 
the rest would . all be compact but to varying degrees. Inlividuals 
possessing the constitution lloopp and llooPP would breed true but would 
differ in appearance from one another. 

As regards the cultures with open inflorescences, both appeared uniform 
in the field and taller than Type 16. Table VIII shows that they were probably 
uniform with an average height of 111*9 cm. and 115*0 cm. respectively, 
whereas the average height of Type 16 was 91*3 cm. In considering the 
height of each culture, however, the form of the inflorescence must be consi- 
dered also. It was noticed that in mixed cultures containing all three forms of 
inflorescence, the plants with open inflorescences were invariably taller than 
those with compact inflorescences. The factor, which by lengthening the 
main stem of the inflorescence causes this to appear open produces an addition 
in the height of the plant without necessarily aftecting the length of the leaf- 
bearing portion of the stem. . 

TaU X tail. 

The cross tall X tall (Type 1 x Type 5) was not investigated very fully. 
The Fi was much taller than either parent and the range of the F^ was greater 
than the combined range of both the parents and the Fj. It would thus seem 
probable that Type 5 contains certain factors which are not present in Type 
1 . The investigation of this cross appeared somewhat complicated and was 
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not pursued for want of time. ^ Although included in the group of tali types, 
Type 5 differs markedly both in height and in the form of inflorescence from 


the other four types. To obtain a simple case of tall x tall, Type 1 should 
have been crossed with one of the other members of the group. 


Many more detailed investigations are necessary to complete the analysis 
of the factors concerned in the height of the plant and the form of the inflores- 
cence. ^ The above data, however, appear to show the existence (1) of a factor 
LL which converts a short plant of any kind into a tall plant with an open 
inflorescence and (2) a factor 00 which affects the inflorescence only, converting 
a compact lorm into an open one. The existence of two compact forms, 
differing from one another but yet breeding true indicates the existence of other 
factors affecting the inflorescence. 


IV. Stjmmaby. 

The experimental results given above appear to justify the following 
conclusions ; — 

1. Neither parthenogenesis nor parthenocarpy were observed in the 
Indian types of iV. mfoca. 

2. In the Fi, the value of all the characters (except height) is interme- 
diate between those of the parents. The average height of the plant in the 
Fi was greater than that of the tallest parent in all the cases investigated. 

3. A frilled leaf margin is dominant to a smooth edge and is caused by the 
presence of a single factor. A similar result has been recorded for N. Tahacum. 

4. The relative position of the anthers and stigma and consequently the 
method of pollination is influenced by factors affecting the length of the pistil 
and that of the filaments. In the cross — Type 1 (anthers below) X Type 16 
(anthers level)— the difference was shown to be due to a single factor which 
influenced the length of the pistil. In another cross — Type 1 (anthers below) 
X Type 5 (anthers above)— at least two factors were involved affecting both 
the length of the pistils and of the filaments. 

5. Measurements of the calyx and corolla showed that the Fj was the 
exact intermediate between the parents. The Fg gave a series with a range 
of variation equal to the combined ranges of the parents. These results are 
siTYiilar to those recorded for N. Tahacum. 

6. The difference between the tall and the short types of N: rmtica is 
due to a single factor L which causes elongation of the internodes of both the 
stem and the inflorescence. There are probably other factors affecting the 
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height of the types of the tw^ 
with the form of the inflorescence, 
in the division between 

7. The form of the inflorescence 
of the internodes of the main 
of the capsules on 
In two cases, a 

inflorescence like that of Type 18 into 
obtained of the existence of another factor P 

compact inflorescence like that of Type 18 into^one which is slightly 
open such as that of Type 16. It is apparently impossible to obtain a 
compact inflorescence if LL or LI is present but both open and compact 
inflorescences are found in their absence. The presence of 00 makes a 
distinct difference to the height of the plant. 

PUSA, 

18^^ August^ 1923. 


groups inter se. Many of these are connected 
The number of internodes is not significant 
tall and short types. 

is due to factors affecting the length 
axis of the inflorescence and also the proximity 
the branches. These factors influence the inflorescence only, 
single factor 0 was found capable of converting a compact 

an open one. Indications were 
capable of converting a very 

more 


APPENDIX. 


Desceiptions of the Types used in Hybeidization. 

Type J, Plants early, tall with long internodes, height 135 cm. Leaves 
inserted at an angle of about 60°, the lamina afterwards curving towards 
the ground, sub -cordate ; apex more acute than in the other types of this 
group ; margin very undulate and curving upwards ; surface somewhat 
puckered ; colour dark blue green ; average length of petiole 7 cm. ; average 
length of lamina 29*5 cm. ; ratio length/breadth 1*13. Inflorescence leaves 
inserted at an angle of about 45°, elliptical to lanceolate ; apex acute ; margin 
undulate ; surface flat. Inflorescence open ; the secondary branches long and 
slender, almost as long as and running somewhat parallel to the main axis. 
Flowers sparse, medium in size ; outline straight, no apparent constriction. 
Calyx somewhat dark green, tubular ; midrib of sepals well marked ; teeth 
long and pointed. Corolla with very distinct lobes ; limb never flat or fully 
expanded ; apiculse conspicuous. Capsule medium in size, a little longer 
than the calyx, round ; apex rounded, scarcely umbilicate. 

This type is not adapted for self-fertilization. The stamens are shorter 
than the style throughout the period of development of the flower, and it is 
only by shaking or by the agency of wind that self-pollination can be effected. 
If left to themselves, many of the flowers drop and but few capsules are 
formed. Artificial pollination and crossing with another type were uniformly 
successful. 

Type F. Plants early ; tall, height 107 cm. Leaves inserted at an angle 
of 60° ; sub-cordate ; apex obtuse ; margin undulate ; surface somewhat 
puckered ; colour blue green ; average length of petiole 7 cm. ; average length 
of lamina 2^*6 cm. ; ratio length/breadth 1*09. Inflorescence leaves inserted 
at an angle of 45°, sub-cordate to ovate ; apex obtuse ; margin very slightly 
undulate ; surface flat. Inflorescence open ; secondary branches shorter than 
the main axis and not parallel to it. Flowers somewhat sparse, small in size ; 
outline shows a decided constriction. Calyx somewhat globular ; midrib 
of sepals fairly prominent ; teeth somewhat acute. OoroWct with distinctly 
divided limb, which is quite fiat and fully expanded ; apiculse well marked. 
Capsule medium, in size, conical, about two-thirds covered by the*persistent 
calyx; apex not umbilicate. 
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Type V is adapted for self-pollination. When the flower opens, the 
anthers are well above the stigma and completely cover it, making cross- 
pollination almost impossible. 

Type XV. Plants late, very bushy partly owing to the comparatively 
large size of the inflorescence leaves ; short with short internodes, height 82 cm. 
Leaves inserted at an angle of 45^, sub-cordate ; apex obtuse to rounded ; 
margin very undulate; surface very, puckered; colour dark blue green ; 
average length of the petiole 9 cm. ; average length of lamina 21 cm. ; ratio 
lengtlx/breadth *98. Inflorescence leaves inserted at an angle of 30^ to 45® 
and resemble the lower leaves in every way but are smaller. Inflorescence 
neither very compact nor very open ; side-shoots long but not as long as the 
main axis. Flowers crowded, slender. Calyx tubular ; teeth obtuse. Corolla 
with a very slightly divided limb which is flat ; apiculse inconspicuous. 
Capsule small, rounded, almost covered by the persistent calyx ; apex blunt 
and not umbilicate. 

In this type self-pollination is predominant, the stamens are raised well 
above the stigma and completely cover it when the flower opens and the pollen 
is being shed. 

Type XVI. Plants late; dwarf, compact, height 81 cm. Zeat'ca inserted 
at an angle of nearly 90® standing out horizontally from the stem, sub-cordate ; 
apext obtuse ; margin flat ; surface flat ; colour light yellowish green ; average 
length of petiole 7 cm. ; average length of lamina 32 cm. ; ratio length/breadth 
1*19. Inflorescence leaves inserted at an angle of 46®, elliptical ; apex obtuse ; 
margin entire ; surface flat. Inflorescence compact but slightly more open 
than in Types XVII and XVIIL Flowers crowded, large. Calyx loose and 
5 teeth short and obtuse. Corolla with a very slightly divided limb 
which is flat and fully expanded ; apiculse well marked. Capsule medium 
in size, round, almost covered by the persistent calyx ; apex blunt and 
umbilicate. 

In this type both cross and self-pollination are possible, the stamens 
being approximately equal in length to the style. 

Type XVII. Plants very late ; dwarf, compact, height 63 om. Leaves 
inserted at an angle of 45® to 60®, sub-cordate, almost ovate ; apex rounded ; 
margin very undulate ; surface very puckered ; colour somewhat light green ; 
average length of petiole 9 cm. ; average length of lamina 34 cm. ; ratio 
length/breadth 1*05. Inflorescence Zmm inserted at an angle of about 60®, 
elliptical; apex rounded; margin very undulate; surface very puckered. 
Flowers crowded, large. Calyx loose and baggy; teeth short and obtuse. 
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Corolla witli a very slightly divided limb, which is crum,pled; apioute 
inconspicuous^ Capsule large, somewhat conical, two-thirds covered by the 
persistent calyx ; apex rounded and nmbilicate. 

This type is adapted both for cross and self-pollination, the stamens 
being approximately equal in length to the style. 

Type XVIIIn Plants late ; dwarf, compact, height 72 cm; Learns 
inserted at an angle of 45® to 60®, somewhat orbicular; apex obtuse to 
rounded; margin very undulate ; surface very puckered ; colour dark blue- 
green ; average length of petiole 9 cm. ; average length of lamina 28 cm. ; ratio 
length/breadth 0*97. Inflorescence leaves inserted at an angle of 45®, ovate or 
broadly elliptical ; apex obtuse or rounded ; margin very undulate ; surface 
very puckered. Flowers crowded, large. Calyx tubular and loose ; teeth 
short and obtuse. Corolla with a slightly divided limb, which is flat and 
fully expanded ; apiculae inconspicuous. Capsule large, round, almost 
covered by the persistent calyx ; apex blunt and umbilicate. 

In this type both cross and self-pollination are possible, the stamens 
being approximately equal in length to the style. This is a vigorous, very 
large-leaved type and is very like Type XVII, but the leaves are shorter, 
more orbicular, darker green and thicker. 
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THE WILT DISEASE OF SAFFLOWEE. 


BY 

S, D. JOSHI, B.Sc., 

Research Assistant^ Plant Pathological Section, 

Department of Agriculture, United Pr minces. 

[Received for publication on 15tli October, 1923.] 

The safflower (Oarthamus tinctorms) is grown in many parts of India. 
In the United Provinces, it is grown as a winter crop largely in the Bulandshahr 
and Meerut Districts and in small quantities in the eastern districts either 
as a mixed crop or along the borders. 

The increasing economic importance of the crop in India has stimulated 
its extensive study at all quarters. Howard and Eemingtoid have shown 
its economic value on account of the oil and the dye it yields. 

The wilt disease of safflower was for the first time observed at Piisa in the 
winter of 1920 when the crop was badly affected at the flowering time. Later 
on it was also found at Sanlini in the district of Bulandshahr. The cultivx - 
tors hold that the disease is of more common occurrence in years of abundant 
rainfall. This is but to be expected when we consider the life-habits of the 
causal organism. 

The exteht of the damage varies according to the character of the season 
at the time of infection. 

The number of plants affected in the fi.elds at Pusa was as high as 30 per 
cent, in some of the varieties, practically all of which were involved. The 
disease was brought to notice only when a large number of mature plants began 
to show sudden wilting ; therefore it was not possible to make observations 
as to how the disease progressed in the fi.eld. * 

Sporadic cases of wilt were known to occirr in the safflower crop every year, 
but no serious notice was taken of it. Although the plots which were badly 


^Howard, A., and Remington, J. S. Pum AgrL Bes. Inst. Bull. 124. 
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affected were not under safHower in the preceding season, the fungus might 
have been present in the crop which was grown there the year before. The 
fungus also attacks varieties of other crops and weeds and through them 
it can be carried from year to year; at the same time the infective material 
in the form of sclerotia is increased considerably which causes the disease to 
spread over increasingly wider areas. 

It is difficult to formulate the exact conditions which led to a severe attack 
at Pusa in 1919-20. Ploughing in of the stubbles of the previous crop might 
have increased the infective material considerably. The favourable tempera- 
tures of between 50°-60°F. in January and February combined with high 
humidity accompanying a rainfall of 1*7" in February and 1*11" in March 
favoured the growth of the fungus and resulted in the severe damage observed. 
The earliest cases of wilt were noticed in a few plants towards the end of 
January. 

Symptoms. 

The wilted plants have dense white growth of mycelium at their bases. 
Large black sclerotia are produced just below the soil level, on the surface of 
the crown and roots. These are very loosely attached so that the plants have 
to be carefully pulled up to get the sclerotia in position. The sclerotia are 
also produced inside the stem (PI. I, fig. 5). In the diseased crop at Pusa 
an apparently healthy grown up plant showed the next day a little yellowing 
of the leaves and very quickly the whole plant dried up. The cortical tissue 
in the lower part of the stem came off into shreds. A characteristic feature 
of the diseased plant at an advanced stage was the ease with which the flower- 
heads broke off from their stalks, leaving behind an outer involucre of bracts. 
In a healthy plant, on the other hand, the flower-heads are firmly attached 
to the stalks and cannot easily be separated. This condition was due to the 
development of a large black pear-shaped sclerotium in the thalamus of the 
flower (PI. Ill, fig. 3) and the thalamus changing into a powdery^mass. 

The attacked plants in some cases resisted wilting and produced apparently 
normal fruits. These fruits, however, at maturity, were found to contain 
either no seeds or only defective seeds. 

Cultural CHARACTERS. 

The mycelium is of the typical Rhizoctonia form showing the usual constric- 
tion and septation in branching (PL I, fig. 1). The cells in young culture show 
a great variation in their size. They are from 115/* to 190/x in length by 16/* 
to 21/* in breadth. The first septum is usually formed at a distance of 20/* 
to 47/* from the parent hypha. 
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The sclerotia are very irregular in shape (PL I, fig. 5), varying from roimcl- 
ish to elongate. They are thick solid bodies about 2-12 mm. long. Tliose 
formed at the bases of flower-heads have in majority of cases a curious pear- 
shaped appearance, after the shape of the conical thalamus (PL III, fig. 1). 
The sclerotia begin as white hard spots in the mycelium ; the outer surfaces 
afterwards turn black. Drops of a clear shining liquid are very prominent 
on the developing sclerotia and can be seen even after they have blackened. 
The sclerotia are formed on the surface of the mycelium from which they can 
be easily detached. Usually they have a covering of a semi-persistent thin 
mycelial membrane. Their outer surface is somewhat rough. The interior 
is formed by not very compactly interwoven hyphse and thus \\’hen placed in 
water they float for a time. The outer two or three layers of the sclerotia 
appear brownish black while the interior is white (PL I, fig. 6). Often the 
recently formed sclerotia, in artificial cultures, show a very faint tinge of pink 
inside. 

' Peculiar tufty branchings (PL I, figs. 3, 4) are frequently formed in cultures 
of the fungus especially in glucose agar medium. These are seen at the edges 
of the slant cultures where the mycelium comes in contact with the surface 
of the glass. These branches are comparable to the branchings of Botrytis and 
Sclerotinia described by Smith^ and may similarly be called the organs of 
attachment or appressoria. 

Perfect apothecial stage has not been obtained so far. The sclerotia 
placed in moist sand and sawdust did not produce any apothecia. In a few 
cases, however, where they- were sown on ordinary moist earth in a large 
petri dish the sclerotia gave out brownish outgrowths, about 4-10 mm. long, 
which developed distinct apothecial cups at their tips (PL I, figs. 2, 7), but 
inspite of every care they shrivelled up before any asci were produced. In 
cultures on corn, oat, wheat and bean-meal agar, there was sometimes develop- 
ment, from the surface of the sclerotia, of slender stalks eith3r singly or in large 
numbers mt?asuring as much as 2 cm. in length (PL II, fig. 4 ; PL III, fig. 2). 
They remained sterile till they dried up. Light appears to have little effect 

upon the development of these stalks. 

outgrowths could be found even with frequent and careful 
search in the fields, throughout the year, 

A distinct spore form occurs in cultures 9 or 10 days old. The fertile 
hyphse bear conidiophores as simple branches which may repeatedly branch 
to form a cluster of sterigmata (PL II, figs. 1, 2). These bear eonidia at their 

Smith, R. E. Botrytis and Sclerotinia ; their relation to certain plant diseases and to each 
other. Bol. Gaz., p. 29, 1800. 
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tijps ill chains. The conidia are from 3-3‘5 jm. in diameter, hyaline, with usually 
a highly refractive granule inside. Such 'spore form is always abundantly 
produced in bean, corn, wheat, oatmeal media, while the glucose agar medium 
although showing luxuriant growth of mycelium does not seem very suitable 
for it. The fungus does not grow well on safflower seed medium. These 
conidia could not be made to germinate. They failed to germinate in water, 
1 per cent, glycerine, 1 per cent, cane sugar, turnip juice, horsedung solution, 
cowdung solution, and safflower leaf juice either at the ordinary winter tem- 
peratures of 20°-22°C. or at the higher temperature of 37°0. Efforts on 
glucose agar medium were equally unsuccessful. 

PATHOGElSriCITY. 

Germinating seedlings inoculated with bits of hyphae from a pure culture 
rotted very quickly, forming copious mycelial growth on the surface which 
in time produced sclerotia. Young plants inoculated with the fungus at the 
soil level quickly succumbed and the fungus spread through the soil to the 
neighbouring healthy plants and soon killed them. Large plants with hard 
tissues are not killed immediately. The spread of the mycelium within the 
tissues of the host depends upon the moisture condition of the soil and atmos- 
phere. That from the infected spots was completely checked when the plant 
was placed in dry open air. In all these cases the fungus could easily be 
recovered from infected plants in pure culture. 

The mycelium grows in the tender tissues of tlie leaf and stem (PI. II, 
fig. 3) and causes disorganization of the cells, changing them into soft pulpy 
mass. It penetrates the inner tissues of the stem and also grows in the pith 
where it forms large black sclerotia. The young plants so attacked quickly 
die wliile the maturer plants withstand wilting for some time. 

It can be gathered from the above that if the conditions are favourable 
for the growth of the fungus when the plants are very young, a wholesale 
destruction of the crop may not be an improbability. Nevertheles^s, depending 
upon the time of infection and the rapidity of the spread of the disease in the 
field we meet witli wilting of plants at different stages of their growth. 

Hosts op the fungus. 

A few other plants in the field besides safflower were also found infected 
with this fungus. Inoculations were, therefore, made on some of the more 
important winter crops and weeds. Wheat, oat, gram, mustard, pea, and 
potato, all took infection readily. Of the farm weeds the most common 
GJtenopodium albim (vernacular hatkm) and Asphodelus tenuifolia (vernacular 
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pyazi) .were very highly vsiisceptible, while Argemom was less so arid Mdiloim 
did not tak^ 

Longevity op the sgleeotia. 

The sclerotia of the fungus do not seem to live very long. Those produced 
in the culture tubes between October and Oecember 1920 showed veiy little 
germination in November 1921., and practically all in the tubes rotted away by 
October 1922. Only 14 per cent, of the sclerotia were found germinatirig 
after one year. Sclerotia which were gathered from the host plants in Mai’cli 

1920 grew in November 1920, but no germination was obtained in November 

1921 or in 1922 and 1923 although they were still apparently sound. 

Systematic. 

The morphological characters of the safflower wilt fungus are exactly 
alike those of the large sclerotia type of Sderotmia Libertiana B'uckl. described 
by Smith.i The sclerotia of this fungus altlioiigh do not fruit easily, in rare 
cases have been found to produce distinct apothecial cups. A wilt of sunflower 
very closely resembling in effects that of safflower has been described by 
Bisby^ in Manitoba and by Morris and Swingle^ in Montana. Tlie latter 
workers also found the sclerotia of their fungus which they identified as 
S, Libertiana fruiting witli difficulty. A stalk disease of potato which is also 
similar to this wilt of safflower has been described by PethybridgeA This 
latter he holds to be due to Sderotinia sderotiorum which according to him 
was '' then known as N. Libertiana Fuckl., but known at an earlier: date as 
Peziza sderotiorum Lib., and now in accordance with the very widely accepted 
international rules of botanical nomenclatuie more correctly called Sderotmia 
sderotiorum Mass.'' This fungus, therefore, which causes the safflower wilt 
may be called Sderotinia sderotiorum Mass. 

The spore form of the fungus described before may, however, give rise to 
certain doubt regarding its probable relationship with Botrytis, Erierley^ 
in his recent studies on Botrytis cinerea noticed a microGonidial stage associated 
with the normal type of conidia. This microconidial stage may be comparable 

y Smith, R. E. Loc. dt. r 

» Bisby, G. R. SclewHnia disease of simftower in J^lanitoba. Abstracts in Phytopathology, 
XI, No. l.''„ 

» Morris, H. E., and .Swingle, D. B. An imiwrtant new dLsea.se of cultivated .sunflower. 
Abstracts in PhyUrpathology, XI, No. 1. 

4 Pethy bridge, G. H. Investigations on x)otato diseases. Jour, Dept, Agrl amlTech Imt. 

XVI, No. 4. 

^ Brierley. The microcouidia of Botrytk cimrea. Kew Boy, Bot. Ganlem Mi8C, 
Bull 4, 1918. 
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to the coiiidial sta^ge of this fungus. From liis own investigations and those 
of many others Brierley is of opinion that certain factors can drastically alter 
the normal life-cycle of B. cinerea and that any spore stage may be reversed 
or eliminated. But unlike Brierley as in his investigations, the writer has 
neither been able to get the conidia to germinate nor could he find out the 
circumstances under which a normal Botrytis stage, if any, may be formed in 
the cultures of safflower wilt fungus. 

Some species of Sclerotima described by De Bary^ and Gilbert and 
Bennett^ are known to produce similar spores either on the apotliecia by 
the germination of ascospores or on the vegetative mycelium, which also 
did not germinate. As mentioned before, the conidia of this fungus cannot be 
germinated and can be regarded as fnnctionless. It is indicated, therefore, 
that a Botrytis stage is absent from the life-cycle of this fungus. 

Pethybridge^ has given the authority of all workers to show that Botrytis 
stage is absent in S, sclerotiorum and that there is no connection between the two. 

A distinguishing character of S, sclerotiorum, according to Tubeuf and 
Smith, is the conical funnel-shaped depression in the hymenial disc. This 
depression which is clearly seen in this fungus (Plate I, fig. 7). Hence it is 
concluded that the fungus under study is Sclerotmia sclerotiorum Mass. 

A comparison of RUzoctonia NajpiiWes>t. of Shaw and Ajrekar'^ with the 
safflower organism suggests their complete identity. Their morphological 
and anatomical characters are very much alike. As in safflower fungus, the 
faintly pink tinge of the interior of the sclerotia has been noticed in their 
sclerotia as well, which they have described as flesh-coloured (although in one 
place they describe it as white in the interior). The spore forms are similar. 
The range of host plants and the symptoms are almost the same. There is, 
therefore, every reason to believe that the Rhizoctonia Napi West, of these 
authors is really Sclerotinia sclerotiorum Mass. 

A comparison of the description of these authors has led Pethybridge® 
also to suggest that it is clearly a species of Sclerotinia, 

Sclerotinia sclerotiorum which is then of considerable economic importance 
in India may be regarded as a new addition to the few species of Sclerotinia 
so far recorded in this country. 

1 De Bary. Comparative morphology and biology of fungi, mycetozoa and bacteria. 

® Gilbert, A. H., and. Bennett, C. W. Sclerotinia TrifoUorwm, the cause of stein rot ol 
clover and alfalfa. Phytopathology, Vlf, No. 6. 

® Pethybridge, G. H. Loc. ciL 

^ Tub§uf and Smith. Diseases of plaids induced by cryptogamic parasites, ]>. 2G5. 

* Shaw, E. J. P,, and Ajrekar, S. L. The genus Phizoctonia in India. iSleni. Dept, Agri. 
India, Bet. Ser., VII, No. 4. 

« Pethybridge, G. H. Loc cU. 
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Control mbasures. 

The temperatures which the sclerotia are able to withstand ander diverse 
conditions are very difficult to determine with accuracy. The results of the 
immersion into water for 5 minutes are given in the table below. 


Number 

at 

sclerotia 

Temperature at 
which 
immersed 

Number 

germinating 

i 

Remaeks. 

10 

98*8 

nil 



10 

80*0 




10 

70-0 

!>•» 



10 

60-0 

' 



10 

50*0 




10 

40*0 

9 


The controls 

10 

45*0 

9 


^germinated in 

25 

46*0 

' 18 


each case. 

25 

47*0 

.3 



25 

48*0 

1 



25 

50*0 

nil 



25 

51*0 

}9 

1 ^ 



The sclerotia were treated with corrosive sublimate solution, 1 in 1000, for 
about 15 minutes and washed with sterile water before immension. They 
were afterwards planted in agar slants. The controls germinated in each 
case. 

It will be seen from the above table that a temperature of between 48°— 
50°C. approaches the thermal death point of the fungus. It is not, however, 
likely that the sclerotia will be killed by the summer soil temperatures which 
may not ordinarily be more than 40'^C. at a few inches below the surface. 
Neither does there appear any chance of starving out the fungus with such 
a large number of host plants by a practice of long rotation. Any treatment 
of the soil by sterilization also is out of question from the point of view of 
expenses. 

The fungus does not survive in the seed obtained from the diseased crop 
as such seed gave a clean crop in the following season. 

Taubenhaus^ found that infection ^ith Merotium Rolfsii^w^^ not possible 
if the mycelium or sclerotia were buried more than 5'' deep and successful 
inoculation was obtained only when the fungus was not covered more than 
1" deep. The writer's experience has been in the case of potato RMzoctonia 
(identified by Shaw and Ajrekar as Rhizoctoni(i destruens) that the ^owth of 
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"ii. 
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^Taubenhaus, J. J. Recent studies on Sclerotium Bolpii Smo. Jour, Agri, Ees., XVIII, 
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mycelium o,iid tlie infection of tubers could be met with at about 5" or 6^' 
below the surface provided the moisture is present and the temperature is 
suitable. 

Smith* observed that sterilizing 3" of the surface soil checked the disease 
due to S, Libertiana even in the most infected beds. It can be inferred from 
the above statement that either the sclerotia do not happen to pass down 
deeper than 3" or that they do not germinate below that depth. A reasonable 
explanation seems to be that those sclerotia that remained in the upper 3't 
might have been killed by sterilization while those below that depth failed to 
germinate. Following this argument as w^ell as from the writer’s ’experience it 
appears that burying the sclerotia very deep might considerably reduce infec- 
tion. 

The most practicable directions of controh therefore; are, firstly, the 
careful collection and destruction of infected plant material and, secondly, a 
very deep ploughing to secure the burial of any remaining sclerotia to a depth 
of more than 6''. Careful and clean weeding can prevent the rapid spread of 
the disease in the field. 

. Summary. ' ■ 

1. Low temperature and abundant moisture are very favourable to the 
growtli of the fungus causing safflower wdlt. The fungus grows on many 
different media. 

2. The sclerotia do not seem to live longer than a little over one year. 

3. The causal organism is Sclerotima sclerotiormn Mass. It is identical 
with Rhizoctania Napi West, of Shaw and Ajrekar, which should correctly be 
identified as such. 

4. The sclerotia are killed by immersion in W'ater at 50°C. for five minutes. 

5. The practicable control measures are 

{a) Collection and destruction of infective material. 

(6) Deep ploughing. ^ 

(c) Clean weeding. 

The writer is thankful to Dr. E. J. Butler, Director, Imperial Bureau of 
Mycology, London, for suggestion of the subject of investigation while working 
at Pusa, and desires to acknowledge his indebtedness to Mr. P. K. Dey, Plant 
Pathologist to Government, United Provinces, Cawnpore, for ever ready help 
and criticisms. 


Smith, K. K, Loo. dt 
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BxRuuTATioir or Plate IX 
Iftgs. 1 , 2. Gonidiophorra with^conidia, from culture. 

Pig- 3. Hyphaj ia the tissue^of the host. 

». 4. Sderotia in culture tubes showing aUtKlttr outgrowths. 


(X S53) 
(X 480) 






fixPLiijATioN OF Plate HI. 

1. Pear-shaped sderotia from the flower of safflower. 

2. Solerotia showiiig the development of numerous deader stalks. 

3 . Flower-head detached from the thalamus shomng the solerotium 

inside, (ft natural si^.) 
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I. INTRODUCTION. 

PLomiAM {Hibiscus Sabdariffa L.), known in the vernaciilar as mesta, 
patwa, lal amhari or hemfu, is grown for a variety of purposes in many parts 
of India, Ceylon, and the West Indies. Almost every part_ of the plant 
can be utilized. A strong silky fibre— Roselle hemp— is obtained from t e 
stems ; the fleshy calyces and leaves are used for food, while the seeds are 
employed in medicine. The study of this species was begun at Pusa some 
years ago when four varieties were isolated and described, namely-rufter, 
albus, intennedius and BUgalpuriensis} These four varieties are a most 
identical morphologically. In var. BJmgalpurimsis calyx is slightly more 
twisted and obtuse than in the other three varieties. This is the only difference 
in form, which could be detected. With this noinor exception, the sole 
differences between the varieties lie in the distribution of colour. 

Roselle is admirably adapted for the training of students in the techmque 
of plant-breeding. The cultivation is simple, the plants are robust, practically 
immune to pests and not at all sensitive to water-logging or to defective soil 

Howard, A., and Howard, G. L. 0. Studies in Indian Fibre Plants, No. 2.--0a some 

new varieties of oanrmbinus L., and Hibiscus Sabdariffa L., Mcumrs of tU Dept, of Agr. 

In India (Botanical Series), IV, 1911, p. 35. 
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aeration.- The flowers are large enough for easy manipulation but the experi- 
mental plants require constant attention as the flowers open singly. Moreover, 
this species flowers in November and December between the monsoon and 
cold season crops when other material suitable for study is scarce. The 
uniformity in the form and size of the plants enables the student to concentrate 
on the colour differences. In order to employ Roselle to the best advantage 
for training purposes, a thorough study of the colour factors was first of all 
necessary. An investigation into the chemical and physiological factors 
responsible for these colour differences was also contemplated. Unfortunately, 
however, the plants require a great deal of space. It is impossible to grow 
them closer than three feet apart each way. Owing to the expansion, during 
recent years, of the wurk on other crops, the pressure on the limited area 
of land at the disposal of the Botanical Section has been so great that only a 
very small space could be spared for the Roselle cultures. This circumstance 
has delayed the work considerably. As the continuation of the investigation 
is doubtful, we have considered it advisable to publish the results so far 
obtained. Some of the characters have been worked out in detail, others 
require further study. 

The following general description of the four varieties emjfloyed will help 



to bring out the various differences in the distribution of the colour factors 


Var. ruber (Plate I). 

Stem dark red. Stipules dark red. Leaves green with some red colour 
on the lower surface of the veins, sometimes also on the upper surface ; gland 
on the midrib colourless ; petiole dark red except for a narrow strip on the 
under surface ; pulvinus red. Peduncle red. Epicalyx red. Sepals red ; 
central gland on mid-nerve greenish. Corolla yellow, with a deep crimson eye, 
turning a deep salmon pinlc on withering. Stamens staminal tube red ; 
pollen and anthers deep red. Stigmas red. Seedlings stem green with some 
red below the cotyledonary leaves ; petiole red on the upper simface, green 
below; leaves green. 


Var. albus (Plate II), 

Stem green. Stipules green* Leaves green, no red colour on the veins ; 
pulvinus green; petiole green. Peduncle green. Epicalyx green. Sepals 
yellowish green ; apices yellow when ripe. Corolla yellow with colourless eye. 
Stamens staminal tube white showing up the yellow pollen. Stigmas white. 
Seedlings stem, petiole and cotyledonary leaves green. 



HIBISCUS SABDARIFF A, L. var. RUBER 
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Far. inienrtedms (Plate. III). 

green witli some reddisli colour and with deep red trimigular 

patches both in the axil of the leaves and also immediately below the petiole. 
Stipules green. Leaves green with some reddening on the upper surface of the 
veins ; pulvinus red. Peduncle green. Epicalyx green. Sepals yellowish 
green ; apices green when ripe, a red spot in the central gland on the riiid-nerve. 
Corolla yellow with a deep crinisoii eye, remaining yellow on withering. 
Stamens stairdnal tube red ; pollen deep orange. Stigmas red. Seedlings 
indistinguishable from those of ruber. 

Far. Bhagalpuriensis (Plate IV). 

Stem green with some diffused red colour and a deep red triangnlar patch 
in the axil of the leaves. Stipules green. Leaves green, veins green; 
petiole green wdth a certain amount of diffused redness, pulviiiiis green. 
Peduncle green. Epicalyx green. Sepal bright green with splashes of red ; 
central gland with a red spot. Corolla yellow with a crimson eye which is 
less deeply crimson than in intermedins, salmon pink when faded. Stamens 
staminal tube red ; pollen less deeply orange than in nibex and mtermedms. 
Stigmas red. 

All the four varieties are normally self -fertilized and set well under bag. 
Pollination is, however, occasionally effected by liummiiig birds but this occurs 
so rarely that natural cross-fertilization can be ignored in practice. As a 
precautionary measure, the flowers of all the plants used in these investigations 
with very few exceptions, were protected. Two minor difficulties were encoun- 
tered in the work, namely, (1) the hardness of the seed coa,t in Bhagalpimensis 
and in the hybrids derived therefrom and (2) the dormancy of the seeds left in 
the soil. The first difficulty was overcome by pricking before sowing the 
seeds of Bhagalpuriensis and of the hybrid cultures in which this variety was 
one of the parents. This, although very laborious when the number of cultures 
was large was iinifornily successful. The second difficulty can only be partially 
avoided by a long rotation and by germinating the fallen seeds on the surface 
of the ground before they are buried by the plough. 

II. THE EXPERIMENTAL RESULTS. 

The four varieties were all crossed inter se, i.e., intermedins X Bhagalpurien- 
SIS, inter medius x ruber, mtermedms x alhis, Bhagalpwiensis X ruber, BhagaP 
puriensis x albus and ruber X albus. In addition, a certain number of crosses 
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were iiiade between the four varieties and some of the new extracted forms. 
The Fi generations were always uniform and the reciprocals alike, 

1. The presence of red or crimson colour. 

As regards the presence of red colour, the four varieties and the homozy- 
gotic phenotypes derived from them by hybridization can be divided into 
three main groups : (1) those in which the general colour of the plant is green 
with a certain amount of red distributed on various parts in definite patches : 
these patches may be accompanied, as in' intermedius and Bhagalpuriensis, 
by very light general flushes — ^pink or brown—the tone of which is not 
sufficiently deep to obliterate them, (2) those like ruber in which all such 
markings are covered by a general crimson colouration of the plant, (3) those 
like albus in which no red or crimson colour at all is present. 

The first subject investigated was the nature of albus. The general 
green appearance of this variety might be due either to the absence of all the 
factors responsil)le for colour in the other varieties — in which case it would be 
of the greatest use as an analyser — or the colour factors might be present in a 
suppressed state. In the investigation of the genetic constitution of albuSf 
the first cross to be considered is that of ruber x albus. The general stem 
colour of ruber is crimson. This colour extends over most of the other parts 
of the plant but the extreme base of the stem is green. This point proved to 
be of importance in distinguishing true ruber from other crimson forms 
produced by hybridization. The leaves of ruber are green with some crimson 
on the lower surface of the veins. The petiole is crimson except for a narrow 
strip on the under surface ; the peduncle, epicalyx and sepals are all crimson. 
The staminal tube, pollen, anthers and stigma are also crimson. Albus 
is very different. There is no red colour on any portion of the plant. The 
general tone is a yellowish green, quite different from the brighter green of 
intermedius. The apices of the sepals are yellow when mature. The staminal 
tube and stigmas are white, the pollen yellow. 

The Fi between ruber and albus wa,s crimson and wns practically identical 
with the ruber parent. In the F 2 (Table I), a mixture of crimson and green 
plants was obtained in which the crimson plants resembled and the 

green albus. Nothing in any way different from the two parents was 
produced. 

1 
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No. of culture 

Total No. 
of plants 

Crimson 
like niher 

1 

Green 
like albii'^' 

Eatio 
crimsf,Mi : 
green 

, 

' 1 

300 

235 

65 



2 

298 

232 

66 


Ruber X albus ^ 

3 

313 

235 

i 


4 

505 

370 

135 

1 


5 

298 

236 

02 



. 6 

225 

ISO 

45 



7 

199 

164 

45 


Albus X ruber ■ 

8 

230 

178 

52 



.9 

298 

236 

62 


Total 

Expectation 


2,666 

2,056 

610 

3 4 • i 

•• 


1909'5 




. Table II. 


No. of culture 


h\ 


Colour of ' 
parent 

Total No. j 
of plants 

Crimson ! 

Green 

13 

green 

42 


42 





55. 

14 

Do. 

5o 



16 

1 • ■ Do. 

1 66 


66 

16 

Do. 

45 


45 





6 

17 

Do. 

5 



19 

Do. 

46 


46 

20 

Do. 

28 


28 




1=^ 

1 28 

18 

Do. 

29 


‘31 r: 


T<..)TArj 
Expectation 


316 


310 


* Pwa'in.'blv n natural 


jt _ j3 
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Total 

Exj)eckition 


Expectatmi 


2 

crimson 

41 

, 22 

19 

3 

Do. 

53 

39 

14' 

4 

■ 

Do. 

41 

29 

12 

5 

Do. 

89 

66 

23 

7 

Do. 

35 

25 

10 

8 

Do. 

52 

44 

, S 

9 

Do. 

i 

1 77 ■ 

50 

27 

10 

Do. 

77 

58 

19 

12 

Do. 

; 25 

18 

7 





No. of culture 

Oolour 01 
parent 

Total No. 
of plant 

Crimson Green 

1 

crimson 

40 

40 

6 

Do. 

38 

38 .... 

11 

Do. 

11 

11 


53 



Intemcdius X 


Total 

]Sx‘pectaUon 


Albus X Bkagalpurknsis 


Bfiagalpuriensis 


Total 

Expectation 
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following are the numerical results obtamed. 

Table III. 

m F, 4 ,ke « X «»« »»* 


Cross 


‘ 

i 

! 

Total i 
No. of 1 
plants i 
! 1 
1 _ 

Plants 
either 
crimson 
or with 
red 

narkings 

i 

Plants 1 
entirely j 
, tureen [ 

1 

— j 

Ratio 
crimson : 
green 


i 

45 

76 

37 

58 

i 

8 1 

IS 1 

» . - 


85 

70 

15 



37 j 

27 

10 

•• 


“ i 

59 

25 



66 1 

43 

23 

• • 

393 

294 

204'5 

99 

9S-5 

3 : 1 


"s. ! 

— 

59 

23 

’ 


73 

58 

rre 

15 

27 

j ■ ” 


86 

78 

on 

64 

14 

s 


79 

69 

10 

i 


80 

59 

21 

24 

1 


78 

74 

t)** 

55 

19 

i 


70 

51 

19 

! 


61 

44 

17 

1 ■ 


95 

73 

22 

i 

L 

86 

59 

27 

1 

!X ■■ 

94-2 

704 

706-5 

238 3 : 1 

23S-S. 
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taia of the crimson plants and some of the green plants with red 
s again split in the following generation into iilants with colour and 
)lants, the green plants forming approximately one quarter of the 
The results are given in the following Tables ;■ — 


Table IV, 


Crimson plants giving crimson and green plants in the Fs generation of the 
cross Bhagcdpuriensis X alhus. 


Table V, 


Green plants with red markings giving a certain number of entirely green 
plants in the Fs of the cross Bhagalpuriensis X albus. 


Total 


Expectation 


No. of culture 

Crimson plants 

Green plants 

Ratio crimson : green 

A 6 

22 

5 


A 7^ 

46 

22 


■ A 23 

11 

5 


A 25 

36 

11 


A so 

58 

15 


A 40 

52 - 

17 


A 42 

25 

6 


A 43 

54 

14 1 


A 55 

49 

25 


A 61 

35 

12 


A 66a 

58 

20 


Total 

446 

152 

2 9: 1 

Expectation 

US-5 




No. of culture 

Green plants with 
red markings 

Green plants Ratio crimson ; green 

A 3 

42 

15 

A 14 

40 

19 

■ ' A 12 

40 

18 

A 15 

34 

17 

A 63 

48 

21 

A 64 

43 

18 

A 59 

. 58'" 

10 

A 71 

32 

, ■■■ 5 

A 80 

t 60 

20 

A 75 

50 

16 

A 76 

40 

■ 22 , 
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Similar results were ol)taiiied in' the F3 of intermedms x (dbtis. In all 
the crosses, plants which are entirely green bred true to this character in the 
succeeding generations. These results point to the absence of a eoloiir pro- 
ducing factor or the presence of a colour inhibiting factor in albm. Taking 
into consideration the relation between anthocyanin and flavone found by 
many investigatorvS and the fact that the whole appearance of albiis is yellowish 
green rather than green, it seems probable that this variety contains the yellow 
flavone. Ruber contains a factor R which converts this into aothocyan. 
The green plants extracted in the F3 from the green plants with red markings 
in the crosses of alhus wuth intermedkis and Bhngal/pwrieMsis do not possess 
the factor for the crimson colour of ruber and are therefore green and not 
yellowish green. These extracted green plants when crossed among themselves 
or with alhus gave in the Fi and succeeding generations green plants only, 
no coloured plants of any kind being produced. When crossed on to 
Bhagalpuriensis they gave a mixed progeny in the F^ — plaiits with red 
markings and plants entirely green. In most cases, the coloured portion of the 
cultures consisted of individuals with very varied markings on the stems and 
leaves but in no case were the markings less than those of Bhagalpuriensis, 
When crossed with riiber^ a mixed progeny of red plants, of green plants 
with red markings and of entirely green plants were produced in the F2. 
It is clear that the extracted greens were merely green plants with red 
markings in which these markings cannot find expression owing to the 
absence of the colour producing factor R. In no case has it been possible 
either to obtain any green plant without X (the factor or group of factors 
responsible for the markings of Bhagalpiiriensis) or to break this down into 
several factors. 

2. The red patches ox the veins, petioles and stems. 

The red or brown colouring of the stem is present in two forms— either 
as well defined patches of dark red or as flushes or washes with indeterminate 
outlines which occur over large portions of the stem. The flushes vary in colour 
and distribution. As this investigation showed that there was no genetic 
connection between these two systems of colouring, they will be treated 
separately. 

The only two varieties in which the distribution of the isolated patches 
of colour could be studied wem intermeMus and Bhagalpimensis, The follow* 
ing Table and Plate V show the differences between the two varieties in respect 
to these characters. 
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Differences in the stem and leaf marhings of intermeddus and 
Bhagalpunensis. 



Intermedius 

Bhagalpwrwisis 

Stem 

Green witli two triangular red 
patches^ one in the leaf axil and 
one below the petiole 

Green with one triangular red 
axil of the leaf 

Xxatch in the 

Fulvinus 

Deep red 

Green 


Leaf veins 

A red spot on all the five xirimary 
veins 

A red spot on the four outer p 
only, the central one green 

riinary veins 


Bhagalpuriensis represents what may be termed the basic form as regard 
the colouration of the veins, petioles and stems. It has not been found 
possible to produce by hybridization any plant without the factors for these 
markings. It is true that perfectly green phenotypes were obtained but, as m 
the case of albus, these proved to be merely potentially coloured forms in 
which the coloured markings were suppressed. The red triangular patch on 
the stem in the axil of the leaf is apparently inseparable from the four dots on 

the veins. 


Intermedins X Bhagalpuriensis. 

In all the characters investigated, the Fj was uniform and intermediate 
between the two parents. The seeds of five Fi plants were sown seiiarately 
in 1912 and the F 2 in each case consisted of a series of types rejiresenting every ^ ,, 

conceivable gradation between the parents but with nothing greater or less 
than these. A definite statistical examination of the F 2 proved to be impossible 
for the following reasons. In the first place, there is a certain amount of 1 

variation due to environment and age. As the leaves, stems and petioles grow ^ 

older they become red all over. Sunlight and shade also effect the intensity 
and extent of the colour, intense sunlight producing the effect of age. In the 
second place, the large number of factors involved in so small a phenotypic 
difference made identification of the various genotypes very difficult. During 
the course of these investigations, it was found that no less than three factors 
were concerned in building up the colour markings of intermedius from those I 

of Bhagalpuriensis. The eight homozygotic phenotypes, resulting from the 
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WASH 
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interaction of these three factors, together with the large miinber of lietei'ozy- 
gotes produced an almost perfect series in svliich it was extreniely diliicult 
to state, from observation only, to which class any individual plant IxlongefL 
The following method was, therefore, adopted. Seed of all the plants (145) of 
one of the F 2 cultures was sown pjlant by plant in 1913 and observations were 
made on the oSspring. In the following year, a large number of selected 
cultures were continued into the F 4 and suGceedmg generations by growing 
several plants from each. It was quite easy to recognize homozygous cultures 
and also cultures in which there was only a difference of one factor. In cultures 
ill which more than one factor ivere concerned, although it was possible to 
determine the of the culture and the factors involved, it was not possible 

to assign individual plants to their correct class with any degree of certaint}^ 

By continuing this method to the F 7 generation, it was found that the 
colour markings of tlie leaves of interniedius are due to the factor or factors 
present in Bhagcdpuriensis {wliich will be termed X in future) plus three factors 
A, B and W. These three factors are quite independent of one another and 
can be inherited separately. The presence of A converts a leaf with dots on 
the four outside veins into one with five dots, i.e., a dot on each principal vein. 
Cultures breeding true to five dots were obtained and also cultures containing 
both four dots and five dots. The outward manifestations of B and W are 
somewhat alike and these two factors were at first confused with one another. 
More accurate observations, however, showed that they were really quite 
distinct, and comparatively easy to differentiate, B produces a red band on 
the petiole below the pulvinus. W also gives rise to some red colour on the 
petiole, but instead of a definite band with well-marked edges it produces a 
light red wash of somewhat indeterminate outline. Uniform cultures of both 
band and wash types were obtained and also cultures splitting between Bhagal- 
puriensis and the band type and Bhagalpimensis and the wash type. These 
factors were also found in combination, i.e., five dots and a band, five dots and 
wash, four dots and a band and four dots with wash. Finally all three, five 
dots, band and wash are present in intennedius. Uniform cultures of all these 
phenotypes were obtained and grown for some years.. Most of the numerous 
heterozygotic cultures which shoiJd be produced by the interaction of these 
three factors were also identified and checked by continuing several plants 
from these cultures to the succeeding generation. The various combinations 
are showm in Hate V. 
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The results are summed up in the following Tables: — 

Table VII. 

Homozi/goiio eonibmations obtained from the cross BhagaVpariensis X inter 

medius. 


The uniformity of these cultures was always tested by selecting several 
plants at random and growing the seed from them next to each other during 
the following year. 

Cultures splitting between the following limits were also identified and 
tested 

Table VIIL 

Splitting cultures identified in the and succeeding generations from the 
cross Bhagalpiiriensis x intermedins. 


(Genotype of 
the parent 


Limits of the culture 


1. Bhagalpuriensis to five dots 
2* Bhagalpuriemis to wash 

3. to band half ‘Way 

4. to wash half-way 

5. Bhagalpiiriensis to intermedius^ 

6. Five dots to hand half' way 

7. Five dots to wash half-way 

8. Five dots to intermedius 

9. Band to band half-way 

10. Band to infemedws 

11. W ash to wash half-way 

1 2. W ash to i nlermedius 

13. Band half-way to intermedins with four dots 

14. Band half-way to intermedins 

15. Wash half-way to intermedius 

1 0. In term eel kis w ith f o ur d ots to intermedius 


(XX)Aahbww 

(XX)aabbWw 

(XX)AaBbww 

(XX)AabbWw 

(XX)AaBbWV 

(XX)AABbww 

{XX)AAbbWw 

{XX)AABbWw 

{XX)AaBBvw 

(XX)AaBBWw 

(XX)AabbWW 

(XX)AaBbWW. 

(XX)AaBBWw 

(XX)AABBWw 

(XX)AABbWW 

(XX)AaBBWW 


Genotype 

Phenotype 

Abbreviated 

designation 

1. (XX}aabbcc 

Four dots on the leaf veins, petiole green 

Bhagalpuriensis 

2. (XX)AAbbco 

Five dots on the leaf veins, petiole screen 

Fiv^e clots 

3. (XX)aaBBcc 

Four dots on the leaf veins, plus a red band on 
the petiole 

Band 

4. (XX)aabbWW 

Four dots on the leaf vein?, plus a red \?a.sh on 
the petiole 

Wash 

5. (XX)AABBww 

Five dots on the leaf veins, plus a red band on* 
the petiole 

Band half-way 

6. (XX)AAbbiyW 

Five dots on the leaf veins, plus a red wash on i 
the i)etiole 

Wash half-way 

7. (XX)aaBBWW 

Four dots on the le'af veins, a red hand and a 
red wash on the petiole, i.e., it resembles 
intermedius except for the absence of a red 
dot on the central vein 

Intermedius with 
four dots 

8. (XX)AABBWW 

Five dots, a red band, plus a red wash on the 


petiole 

Intermedius 
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These cultures were tested in the same manner as tlie hoiiiozrgotic ones, 
i,e., by growing in the following year several plants from eaeli culture 
separately. In these caseSj instead of selecting the |)lants at randoni, care was 
taken to include plants representing the extreme phenotypes. 

A few cultures, wdiich theoretically slvould have been present, were not 
found ; most of these involve the phenotype intermedins with four dots. This 
form is very difficult to identify and these cultures were probably confused 
with the corresponding ones in which intemeddus occurred. The pure ciilture 
of mtermedius with four dots and the splitting cultures— band half-way to 
intermeddus with four dots and intennedius with four dots to mtermedius — were, 
however, identified with certainty. . The other cultures were doubtless present 
and either escaped recognition or did not happen to occur among the plants 
selected for further investigation. 

Table IX. 


Sidlitting cultures, theoretically required, which were not found. 


Limits of culture 

Genotgpe of parent 

1. Bhagalpiiriensls to band 

(XX)aaBbww 

2. Bhagalgniriensis to intermedins with four dots 

(XX}aaBhW\v 

3. Five dots to intermedins with four dots 

(XX)AABhWw 

4. Band to intermedkis with four dots 

1 (XX)aaBBWw' 

5. Wash to inter medim with four dots 

{XX)aaBbWW 

6. Wash half-way to interrnedius with four dots 

(XX)AaBbWW 


The stem markings in the axil of the leaf and below the petiole are due 
to the same factors which affect the red colouration of the petiole and leaf- 
veins. Each factor produces a change in the stem markings as well as on the 
leaves. The factor or factors which produce the four dots in Bhaguljnmensis 
are also responsible for the triangular red patch in the axil of the leaf. The 
factor A which controls the fifth dot also produces two narrow red streaks on 
the stem which start from the two basal angles of the triangle and riiii a short 
way down the stem. The factor B not only gives a band across the petiole 
but longer and larger red streaks on the stem. The factor W produces a 
certain amount of red colour below the petiole. The presence of all three fac- 
tors together is shown by the well-marked triangular patch below the petiole 
in intermedins , In no case was it possible by breeding to separate the leaf- 
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I n < i I'k i I igs f ro I H the eorrespoiidiiig stem-niarkiiigs. We must , therefore, 
that the (litferen^^^ the red eoloiiration of the leaf, petiole and 
stem of i^fieiwediiis from that of Bhagalpimensis is due to three factors only. 

Tlie presence of each factor is shown by a definite addition to the markings 
both of the leaf (including the petiole) and of the stem. 

3. The general colour op the stem. 

It was pointed out in a previous section (p. 50) that in addition to the 
well defined patches of red on the stem, certain flushes or washes also occur | 

over large portions of the stem. These vary in colour and distribution and 
may be roughly divided into (1) those like the crimson factor in ruber which 
obscure all otlier stem markings and which affect other portions of the plant 
simultaneously and (2) those which are light in colour, which allow the stem 
markings to be identified and affect the stem only. 



(a) The crimson colour factor of ruber. 

The next factor which must be considered is tlie one which is responsible 
for producing the red colour over the stem and the major portion of the plant. 
This crimson flush, as it may be called, has a very far reaching effect and 
whenever it is present, the whole plant would be classed as crimson or scarlet. 
In all crimson types there is a certain amount of green, the distribution and 
amount depending on the genetic constitution of the type. For instance, 
in the Fi between mtemiedius and alhus, the green base of the stem was more 
extensive than in ruber and the lower eighteen inches of the basal branches 
were also green. Variations in the amount of green in the petioles, leaves, 
epicalyx and peduncle occur in types which are nevertheless crimson. What- 
ever the constitution, however, if the stem is red, the branches and sepals 
are also red and the corolla changes to a deep pink on withering. A red calyx 
is inseparable from a red stem. The following experiments sliow that this 
crimson flush, which converts a green plant with red markings into a crimson 
one, is produced by a single factor. 

The first cross made in this connection was that of nihe/r x intermedim 
i.e., the cross between a crimson type and the green type which possesses the 
greatest amount of red markings yet observed. The Fj was crimson and 
resembled ruber, except that more green was present and the crimson colour 
was slightly less intense. In the F 2 , crimson plants and green plants, with 
the samehed markings as those of intermedins, were obtained. It wtis possible 
to divide the crimson plants into two classes, those which were as deeply 
crimson as ruber and those in which the stem colour was lighter in tone. 
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The results obtained are given in tlie following Tables : 


Table X. 

The F2 generation of the cross ruber X inlermedius. 

I 1 . COLOIJE OF STEM 


No. of cultiu'c 

Total No. of 
plants 

1 

Deep crimson 

Crimson 

Green witii 
red markings 

M 

N 

0 

P 

77 

35 

47 

76 

21 

9 

10 

22 

39 

14 

23 

j 38 

17 

12 

14 

10 

j 

Total 

235 

62 

114 

50 



0*95 

1-93 

1 

‘ Ratio 







5.9-75 

117:60 

6S‘7ij 

Ex'pectation 

- 


- — - — 



. Table XL 

The and Fa gemration of the cross ruber ^ %nte) ms dius. 


No. of culture 


fM 3 
M 13 
M 44 
M 70 
M 71 
M 1 


Nature of the offspring 


M 2 

M 10 

M 11 
M 14 
M 43 
M 51 
M 54 
IM 50 


Nature of the parent 


tureen with red markings 
® Do. 

Do. 

Do. 

Do. 

crimson 

Do. 

Do. 

Do. 

deep crimson 
Do. 

Do. 

Do. 

Do. 


green with red markings 
crimson 

deep crimson 

green \vith red markings 

deep crimson 


all green with red markings 
" Do. Oo. 

Do. Do. 

Do Do. 

Do. Do. 

lu fi’cen witli red markings : 

26 crimson : 12 deep crimson 
10 green with red markiiigs : 

21 crimson : 11 deep crimson 
<rreen with red markings, 
crimson, deep crimson 
Do. Do. 

all deep crimson 
Do. 

Do. 

Do. 

Do. 


all green with red markings 
143 deep crimson and crimson 
36 green with red markings ^ 
all deep crimson , , , 

05 ptaSts, all gfeevi with red markmga 
65 plants, all deep crimson 
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Siniilar results were obtained in tie cross mher X Bliagalpurien^^ The 
Fj was a crimson plant sliglitlj less deep in colour than ruber and differing in 
Tarious details of the coloining. In the F 2 , both crimson ;^)lants and green 
plants with red markings were obtained in the following proportion — 97 
crimson plants to 28 green plants with red markings, a ratio of 3*4 ; 1. Thus 
the e\ddence from these two crosses indicates that the crimson flush is produced 
by a single factor which may be termed S. 

It was shown in the last section (p, 55) .that albus possesses the factor 
for crimson flush, although, owing to the absence of R, it cannot find expression. 
The crosses with albus should, therefore, also be considered in this connection. 

Intermedins X albus. The F| was crimson and somewhat similar to 
ruber. The F^ gave 99 colourless plants, f.c., those in which the factor for 
colour production is absent and 294 coloured. The coloured plants consisted 
of 208 plants predominantly crimson and 86 green plants with red markings 
giving a ratio of 2*4 : 1 . The green plants bred true to green while the crimson 
plants and green plants with red markings either bred true or split in .various 
ways. 

Bhagaljniriensis X albus. Here again the F^ was crimson and somewhat 
similar to ruber. The F^ gave 211 colourless plants and 646 coloured. These 
consisted of 492 predominantly red plants and 163 green plants with red 
markings, the ratio being 3*2 : 1. 

.The above investigations point to the existence of a factor S present in 
ruber, which covers the stem,' branches, sepals and other parts of the plant with 
a crimson flush, obscuring all other red markings. This factor is absent in all 
the other three varieties. If SS or Ss is present, the plant is predominantly 
crimson. . 

(b) The flushes on the stems of the cross intermedins x Bhagalpuriensis, 

The inheritance of the light flushes which do not obscure the stem markings 
the brown and pinlc flushes on the stem of Bhagalpuriensis and inter- 
medius) must now be discussed. These consist of a pink flush in intermedius 
which starts at the base and extends two-thirds up the stem and lower branches 
and a very slight brown flush on the apices of the stem and branches. In 
Bkagalpufiensis there is a purplish brown flush at the extreme base of the 
plants and at the apex a flush similar to that of intermedins but of a deeper 
brown and more extensive for it is found over the upper half or third of the 
stem. The inheritance of these flushes is very diflScult to investigate on 
account .of their reaction to changes in the environment, especially to age and 
simlight. In the first place, they cannot be seen on young plants but must be 
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observed on mature individuals. Asdbe plant gets old, 'however, there is a 
general reddeiiiiig of the vstem, leaves and petioles wliieli is fjuite iialep^nident 
of and obscures tlie>se definite flushes.. In the second place, these flushes will 
only develop well in a good liglit. They re.maiii poorly developed in shade. 
Very intense sunlight, on the other hand, produces the same reddening effect 
as age. For these reasons, the time during which observations can be made 
is very short and it has not been possible, up to the present, to investigate 
these characters fully. There is no doubt, however, that these flushes represent 
definite characters which are * inherited. Preliminary 'investigations on a 
large number of crosses between the four original varieties themselves and with 
extracted liomozygotes showed that the occiuTence of these flushes is governed 
by two sets of factors, the one controlling the colour (pink or brown), the other 
the distribution. Corresponding to the niinimiim amount of stem markings 
X, a small light brown apical flush is always present, although the rest of the 
stem may be pure green. No individual has yet been observed without at 
l^ast a small apical flush. The factors affecting the colour occur either singly 
or in combination when new homozygotic phenotypes are produced. Thus 
in the P2 of the cross intermedius X Bkagalpmmms, not only were plants 
like the parents obtained but also a series which exceeded the parental limits^ 
The plants in this series varied from individuals without any flush (except the 
small apical one) to some which were completely covered by a deep purplish 
brown fllxsh. Plants* possessing this deep purplish brown colour over the 
whole plant bred true to this colour and also to this distribution. Individuals 
were also found with this colour but only on the upper half, i.c., with the same 
distribution as that of the apical flush of Bhagalpuriensis and a culture was 
identified which bred true to this deep colour but in which the distribution 
varied from a complete colouration to a colouration of the upper portion 
only. • , 

The basal flush of intermedins and the apical flush of Bhagalpimemis are , 
complementary to one another in distribution and the presence of both of these 
would give a completely coloured plant. The purplish brown colour is presum- 
ably due to the combination of the pink and brown colours of these two 
varieties. It seems probable, therefore, that mtermedius possesses a factor 
Pi_ for pink and Bhagalpuriensis another N for brown, the combination 
P^N being a purplish brown much deeper than either. 

The question of the interaction of these flushes with the scarlet flush S 
is somewhat difficult to investigate, also the constitution of mber in this 
respect. There seems no doubt that rxiScr does not contain either the pink 
flush of intermedius or the brown flush olBhugalpunensis, It appears. 
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however, to possess a factor controlling a. second brown flush which is less 
purple in tone than that of Bhagalpuriensis, Evidence of the absence of the 
pink flush and the presence of a brown flush was obtained from the cross 
mher X intermedius of which the F 2 was subjected in 1922 to a criticah examin- 
ation. x4bout seventy-five per cent of the plants were . predominantly crimson 
and the remainder consisted of plants with green stems and the red stem and 
leaf markings characteristic of intermedius. The stem flushes on these green 
stemmed plants varied very considerably both in colour and distribution ; pink, 
light-brown, dark-brown and various intermediates were present. Certain 
plants were completely covered by a dark-brown flush. Individuals either with 
the true pink of intermedius or with a dark brown flush were very few in 
number, the majority had flushes of varying tints of pink and brown, mostly 
apical. The deep brown flush produced in this cross is quite different in 
appearance from the purplish brown one obtained in the case of intermediiis X 
Bhagalpuriemis and the light brown flushes are also much less deep in colour 
than those of Bhagalpuriensis, The variation in the colour of the flushes ‘ in 
the F 2 1 ^ 1 ^® presence of individuals without the pink flush point to the 
absence of Pi in the genotype of ruber. The presence of individuals with light 
brown and deep brown flushes indicates the presence of a brown flush M in 
ruber. That this brown flush is not the one present in Bhagalpuriensis is 
indicated by the difference in the tone of the browns. Further evidence on 
this point is afforded by the cross ruber X Bhagalpuriensis, Before leaving 
the discussion of the cross r\iber x intermedius it may, however, be mentioned 
that the predominantly crimson plants varied in the tone and amount of 
crimson colour present. This is what would be expected if S w^'ere interacting 
with P|, M and the factors for distribution. 

A consideration of the cross ruber x Bhagalpuriensis shows that ruber 
does not possess the brown flush of Bhagalpuriensis. In the F 2 it was 
'cdmparatively easy to separate the plants containing SS, i,e,, those which 
would breed true to crimson from those containing Ss which would throw a 
certain number of plants with green markings. All the cultures were continued 
into the F 3 when this classification was found to have been correctly made. 
The SS. plants, however, varied very greatly among themselves both as regards 
tone and distribution of colour. Some were even more deeply coloured than 
ruber while others were scarlet rather than crimson. 

If ruber contains Sand M and Bhagalpuriensis !N, we should expect at 
least four different tones of colour SMn, SMN, SNm and Snm. In addition to 
these four tones of colour, differences of distribution would have an effect and 
the number of scarlet or crimson phenotypes breeding true to S would be large. 
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It '-was possible to isolate at least three bornowgotic forms wliieb were 
predominantly crimson and which yet -were not rif/jer. The first was a foiin 
termed purple which was aliiiost indistinguisliable- from, ruber. The most 
striking difference was the continuance of the colour to the extreme base of tlie 
plant whereas in ruber there is a little green at the base. "I'ery careful 
examination showed that the general colour was very slightly darker than 
that of m6er and this was confirmed by examination of sections under 
the microscope. The tone of colour by itself was n.ot,, however, sufficient to 
differentiate the two forms by a casual exa-mination. These purple forms bred 
true or split into a mixture of ruber and purple. They were only foiiiid when 
ruber or alhus was crossed with Bhagalpuriensis, This purple form must 
represent therefore the intensification produced by the combiiiation of the flushes 
in flushes of ruher. Two other forms were 

isolated in this cross {ruber X BhagalpimeriBis) and bred true. These differed 
from ruber in the other direction, the colour was a clearer scarlet and less 
purple while the amount of green at the base and on the plant generally was 
much increased. These two forms were termed 0 and X, In 0, the lowest 
foot of the stem and the lowest foot of the main branches were green with 
splashes of red. The upper portion of the stem and branches were like nibef. 
The petiole was green at the back, red in front and at the base whereas in 
ruber it is red with a dash of green ; the bracts also were greener. In the form 
X, there was much more green present ; the lower half of the stem and branches 
were green with red splashes on the branches. These splashes increase in size 
until the top of the stem and branches are quite red. The petiole is like X 
but with less red. 

The large number of grades in the tone of colour of the crimson plants 
in the F 2 of this cross, the extraction of homozygotic forms both darker and 
lighter in stem colour than ruber undoubtedly indicate that the stem flush of 
Bhagalpuriensis is not contained in ruber but is controlled by an independent 
factor. The results obtained in the cross albiis x Bkagalpuriensis agree with 
this. . . 

These preliminary investigations thus indicate the presence of four factors 
governing the tone of colour of the stem, namely, S a scarlet flush, M a brown 
flush present in rubery N a brown flush with a purple tinge present in Blrngd-^ 
puriemis Midi Pj a pink flush present in interniedim. A good deal more 
work is required to confirm and finally establish these results. 

During the course of these experiments, evidence was also obtained that 
besides differences in colour, factors governing distribution are inyolvoA. U 
to the present, it has not been possible to define the factors more accurately 
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aad uerj large cultures would probably be necessary for the solution of these 

problems. 


4. The coeolla. 

Ill all the varieties except albus, the corolla is yellow with a crimson 
eye. Just as it was impossible to obtain any plant without the factor for a 
certain minimum amount of red colom’ on the leaves and stem, so it was 
impossible to produce any type without the factor for the crimson eye. Var. 
albus and other green phenotypes all possess this factor, although it cannot 
always find expression. There is a slight difference in the depth of eye colour 
between BJiagalpuriemis and intermecUus but it is so small that a detailed 
investigation proved to be impossible. In the F} of the cross between these 
two varieties, the eye was as deep a crimson as that of intermedms. In the 
F25 all the flowers had crimson eyes showing that both varieties possess 
the same factor for crimson eye and that the difference must be produced 
by some factor of intensification or the reverse. 

There is only one other character of the corolla in which the four varieties 
differ from one another and that is the colour assumed by the petals while 
fading. The flowers of this species open late in the morning and close about 
midday, remaining open for not more than three hours. The closing of the 
flower is fairly rapid and the petals become twisted after the flowers have 
closed. During this period, a change takes place in the colour in some varie- 
ties, the yellow petals turning salmon pink. This occurs in Bkagalpuriensis 
and in ruber but the intensity of the colour is not the same in both. It is 
much paler in Bhagalpuriensis: The petals of inter-inediiis, on the other hand, 
never turn pink. They remain yellow until they wither, 

Bhagalpuriensis x intermedins. 

In the Fi, the corolla on fading turned a very faint pink and was thus 
intermediate between the parents. The Fg consisted of a mixture of plants 
with yellow-fading and pink-fading corollas in approximately the ratio of 
1 : 3 . Those with pink-fading corollas could be divided into two classes, i.e,, 
those resembling Bhagalpuriensis and those resembling the Fj. The plants 
with yellow-fading corollas invariably bred true to this character in the F3 
and in sueceeding generations. Those with pink-fading corollas of the deeper 
hue also bred true to this character while the more faintly coloured ones gave 
a mixed progeny of plants with yellow and pink -fading corollas. 
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Table XII 

Inheritance in the of changes in tl 
Bhagalpuriensis X i 


Ko. of culture 


Total 

Ratio 


Expectation 


That the division into pink and pale pink was not quite accurate is shown 
by the results of the F3 generation. 


Table XIII. 

Inheritance in the F3 of changes in the corolla in the cross Bhagalpuriensis 

X intermedins. 


Ratio 


No. of culture 


Piak : yellow 


No. of plants 

Corolla on 
fading pink 

83 

24 

88 

28 

144 

34 

147 

30 

128 

21 

1 


' Colour op corolla on fading j 

Parent 

Offspring 

vellow 

yellow 

‘Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

pale pink 

pink, pule pinl: 
and yello w 

Do. 

Do. 

Do, 

Do. 

Do., 

Do. 

Do. 

Do, 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. [ 

Do. 

Do. > 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

pink 

pink 

Do, 

Do. 

Do. 

Do, 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

pink, pale pink 
and yellow' 
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The factor which produces this pink colour in the corolla is also respon- 
sible for the red markings in the full grown calyx. In this species, the fruit 
is covered during the whole period of its development by the fleshy sepals 
which increase in size with the expansion of the capsule. In both the varie- 
ties under discussion, the sepals are green at the apices and at the base and 
yellowish green to colourless in the middle. In intermedins, there is no red 
colour on the calyx, while in Bhagaljmriensis the sepals are splashed with 
bright red (Plate VI). In the F2 of the cross between these two varieties, all 
the plants in which the corolla remained yellow had calyces without any red 
colouration. This was found to hold in all succeeding generations. The 
remaining plants of the all possessed calyces splashed with red but the 
amount of red colour varied from a few dots to something much more intense 
than the markings on the capsules of Bhagalpiiriensis. In all these plants, 
whatever the amount of red on the calyx, the corolla turned pink on fading. 
The change in corolla colour is, therefore, associated wdth the existence of red 
colour in the calyx. It is not connected either with the amount or with the 
distribution which are controlled by other factors. 

Ruber x Bhagalpuriensis, 

As stated above, the corolla of both these varieties turns pink but the 
colour is much deeper in the case of ruber. In the between these two 
varieties, the faded corolla was pink also. The tone of colour was intermediate 
between that of the two parents. In the F2, all the corollas turned pink 
on fading and the same was the case in the F3 and succeeding generations. 
As would be expected from the observations in the cross intermedins x Bhagah 
puriensis, all the calyces in the F2 were either red or splashed with red. Thus 
the factor F which is present in Bhagalpuriensis and which is responsible 
for the change in the corolla colour and the production of red markings on the 
calyces, must also be present in ruber. This latter variety, however, possesses 
some additional factor which produces the intensification of the colour in the 
fading corolla. The factor F is either absent or suppressed in inter medius. 

Similar results were obtained in the cross albus X Bhagalpuriensis. All 
{}i8 green plants wdtli red markings possessed pink fading corollas and calyces 
splashed with red, 

5. The colour of the calyx. 

{a) The sepal tips. ^ 

The fi3:st character which must be dealt with is the general ground colour 
of the sepal which is best seen in the mature tips. In albus, the tips are yellow, 
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ill mfermedius, green, in Bhagalpuriensis, bright green. Tliese (liflereiiees 
are very distinct and are well shown in Plate VI. The relation between green 
tips and bright green tips wavS studied in the cross mternmlim X Blmgalpinicih 
sis. The F| was intermediate between the two parents. Beyond ascertaining 
that the tips of the sepals were of three tones of green, the F2 was not liniher 
investigated. In the F3 and F4, however, detailed observations were* inafte 
in most of the cultures. The results are gjA^en in the following Table 

Table XIV. 

Inheritance in the Fz and F4, of bright green and green sepal tips in the cross 
intermedim x Blmjalpuriensis, 


A. Cultures which split into green and bright green. 




Colour of sepal tips 


No. OP 

CULTURE 

Total 
N o. OF 

PLANTS 

Bright 

green 

I Gi'een like 
linternwdius 
i and the 

1 it. 

Nature of the bed markings 

ON the sepals 

IiI-3-8 

m 

111 

50 

varied, fruin iKnie to markings like tliosc 
of B hagai puri e 7i6'ia 

111-3-18 

66 

18 

48 

liJie Bkagalpuriensis 

in-4-3 

54 

9 

45 

like intBrmedhis 

III-4-5 

7 

1 

a 

Bo. 

in-4-14 

4 

1 

3 

Bo. 

III-4-24 

IS 

7' 

11 

Do. 

III-6-29 

00 

11 

49 

varied from none to markings like those 
of Bhaffalpuriensis 

III-7-2 

34 

6 

28 

varied from markings like Bhagalpurimms 
to something more intense 

III-13-4 

27 

7 

20 

varied from markings like those of 
Bhagalpurienms to something more 
intense 

III-13-7 

28 

B 

22 

like BhagalptirienMS 

III-13-21 

27 


20 

ail more intense than those of Bhagat^ 
purUmw 

Ill-13-25a 

20 ^ 

5 ■ 

•, 15, 

Do. 

. 111-13-43 

20 

6 

20 

ail more intense than those of Bkagal- 
pimensiis 

IIW3-1 

25 / d 

6 

19 

varied from markings of Efiagalpiirmuts 
to something more intense 

Total 

4,62 

106 

356 


Eatio 


1 

3*3 


Expeclatmi 


115-5 

340-0 
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B. 


Cultures which bred true in the F3 and F4 to green and bright green. 



G.ENERATI02iI 


4 GEJfERATfOH 


GFETURE 


Colour of 
the sepal 
tips 


Red markings on the 
sepals 


Ko. of 
cultures 
grovvui 


Colour of the 
sepal tips 


almost colourless 
like those of intermedlm 


green 


green 


:reen 


i more intense thai 
those of Bhagalpwri 
emis 


all green 


?reen 


green 


■purieTisk 

like those of intermedius 


m-10^34 


varied from none 
markings like t] 
of Bkagalpuriensis 


all bright 
green 


intense than those 
or BJiagalpuri^isis 


all bright 
green 


intermedius 


all bright 
green 


colourless 


like those of intermedius 


fl 
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, . It A¥ill be ; 
aUelomorph to 

quite indepeiKleut of the red: markings on the sepal. It is possible to get the 
red markings of combined with the green tips of infi’nmdinH 

and vice versa. Two interpretations are possible. We may assume that the 
green of the sepal tips in intermedius is the normal and that the briglit green 
tips are produced by the addition of a factor G. On the other hand; the bright 
green tips may be normal and the more yellowish green tips of intermedius 
may be produced by a colour restraining factor I which is only present in the 
flower and capsule and does not affect the rest of the plant. Taking into 
consideration the fact that the bright green of the sepal i^smBkagalpuriensis 
is the same shade as that of the epicalyx and of the plant in general, the latter 
seems the more probable explanation. 

The cross intermedms x albus is an example of green tips x yellow tips 
but the investigation is somewhat complicated by the red factor which is 
latent in albus. As stated on page 53, the Fj is crimson and the F 2 a mixture 
of crimson plants, green plants with red markings and green plants with no 
red colour. Observations on the crimson plants as regards this character 


seen from this Table that bright green beha? 
' green. It is also clear that the shade of gn 
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Table XV. 

Inhentance of sepal tip colour in the ai 
Bkagalpuriensis x alhiis. 


Fg GENEeATION 1913-14 


i generation 1914-15 


Parent 


Offspriiii 


all bright green 

all olive green 

split bright ^ 
olive green ; 
18 plants 
bright green 


green 


yellow tips to olive 
green tips 5 olive 
green plants in 17 


green 


all olive green 

split into yellow, 
green jind 
mediate 


interniediat! 


olive 

inter- 


'e green 


green 


intermediate 


3 olive green 
yellow) 

all olive green 


mediate 

green 


green 


all yellow 


green 


olive green 


^e green 


green 


green 


green 


green 


green 


splitting culture 


, con- 

taining among other 
^yp©s both bright 
green and yellow 


bright green 


all bright green except 
1 red plant probably 
a cross 

all yellow 


s Colour of the sepal tips 

No. of 
' culture 

14 bright green 

A5-1 

26 Intermediate 

A5-2 < 

12 olive green 

— . 

A5-20 i 

i 

{ 
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Table XV. — contd. 



i GENEEATIOK 1933-14 


R 4 0E5EBATI0K 1914-15 



Ko. of 

Colour of the sepals tips 





culture 

Parent 

Offspring 

A45 

all olive green 

.Ufj-l 

A43-2 

olive green 

. 1 ) 0 . 

a , 11 olive green 

Bo. 

A48 , 

all yellow 

A48-1 

yellow 

J 

ail yellow 

A51 

Splitting culture con- 
taining yellow, 

bright green, olive 
green ancl green 

A51-3 

A51-4 

A51-7 

intermediate 

yellow 

bright green 

splitting culture, 4 

olive green : 9 inter- 
oiediate : o yellow 

all yellow 

all bright green 

A83 

ail green 

1 A83-1 

green 

ail green 

Ao 8 

all olive green 

1 A58-1 

olive green 

ail olive green 

A79 ; 

all yellow 

A79-1 

yellow^ 

all yellow 

A13 1 

splitting culture 




■A22 

splitting culture 




A24 , 1 

splitting culture 




A31 

splitting culture 




A49 

splitting culture 




A54 

splitting culture 


. .... ■ 


A72 

splitting culture 




' A78 

splitting culture 

.... 



, . ; A82 . 

splitting culture 

.... 

1 . i 

: . , . . ! 

' 



Out of 22 cultures, the following bred true, 1 bright green, 3 olive green, 
2 green and 2 yellow. Cultures splitting from yellow to olive green and 
giving a ratio of approximately 3:1 were obtained and a similar culture 
splitting from bright green to olive green. Cultures containing bright green, 
yellow, olive green, green and various intermediates were also identified. 
These results show that in the production of yellow tips another factor 
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must be involved in addition to I, the factor which reduces bright green tips to 
green tips. The olive green tips are due to the action of this factor (which 
may be termed Y) on bright green tip.s. If we denote the factor or group of 
factors which is responsible for the bright green of the sepal tips G, the following 
combinations would be obtained : — 


Bright green 
Green 
Yellow .. 


GGiiyy 

GGIIyy 

GGIIYY 


Olive green .. .. .. GGiiYY 



V. utpo cixc:, iiuwvvvi, uxiiy louna m entirely green 

plants, f.e., in the absence of R. Yellow tips are also characteristic of albus 
which was shown to be a crimson plant in which the colour was not developed, 
f.c., in which &. is present and R absent. It is possible that YY is, therefore, 
nothing more than the combination SSrr. This would explain the 3 : 1 ratio 
The green plants occurring in the F 2 of crosses with albus must contain this 
factor SS in the following proportions 1 SS : 2 Ss : 1 ss. The various sepal 
tips would, therefore, be represented by the following combinations 

Bright green .. .. .. GGiissrr ' ' 

•• .. GGiissrr 

•• • • .. .. GGIISSrr 

Olive green . . .. .. GGiiSSrr 

The combination GGiissRR would also be bright green and GGIIssRR 
would be green while GGIISSRR and GGiiSSRR would be crimson. 






. . 
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markings nor the flixslr, however, show any connection with tlie amount of red 
on the stem nor with the tone of green of the sepals (p. 69). It has not been 
possible to work out in detail the factors governing the nature of the red niarkings 
on the sepals but they seem to be governed by factors regulating both the 
colour and the distribution as was the case with the flushes on the stem . In the 
¥2 of mtermedms (green except for faint pink dots on the lower part of the calyx) 
xBIiagalpurumsis (red markings on the upper portion) a very large number of 
forms are obtained, many of theiri much more hea,vily marked than Bkagal- 
puriensis. On certain plants, the sepals are so heavily marked with red tliat 
the whole fruit is almost covered (Plate VI). These forms breed true in 
succeeding generations. They show two different tones of colour: (1) 
fink like the flush on intemediMs and (2) red like the markings ol -Bhagah 
piifiensis. No calyces are found without any colour but some appear to have 
a fainter flush even than int£/rmedius. Intemiedms would thus appear to 
possess ia factor for pink which is prevented from expression owing to the 
absence of F, the factor which produces the colour of the sepals and 
fading corolla. BJmgalpuriemis contains another factor which produces 
the red tone. Intenmdms also possesses a pink stem flush but the connection 
(if any) between the pink colour on the capsule and the pink colour on 
the stem has not yet been worked out. 

In addition to these twm factors for colour, there must be factors controlling 
the distribution. The colour on BJutgalpuriensis is confined entirely to the 
upper half of the sepals, the faint pink dots on intermedius occur only on the 
lower portion, but the more liighly coloured fruits extracted from the F 2 are 
almost completely coloured. The application of the colour also seems to vary. 
It may occur as distinct dots or as larger splashes. This difference is well showm 
in Plate VI. There was a certain amount of variation; in the distribution of 
the dots. In some, these were only found on the upper portion of the capsule, 
as in Blmgalpuriemis, but there wwe no splashes of continuous colour such 
as occur in that variety; In addition, individuals were found with a stronger 
pink flush than in intermedius (Plate VI). As the disentangling of these 
factors necessitated more time and land than w^e have had at our disposal 
recently, or are likely to ha ve in the near future, it seems best to record these 
observations now. ‘ !- 

III. SUMMAEY. . . 

' ■ For the sake of clearness, the results obtained by crossing the foiin varieties 
may be given in a general form. This will enable some idea to be formed of 
the genetic constitution of these varieties. 




(if 

■f 
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1, Intermedkis X BJiagcdf uriem^ 

Bhac4alpubiensis. 

Stem, Green with a red triangle above the petiole, brown flush over the 
upper half of the plant and over the base. 

Leaf, Four dots on the back of the outer veins on the underside. 

Corolla, Pink-fading. 

Sepals, Tips bright green, red markings (splashes and dots) on the upper 
portion of the mature sepal. 

Intermedius. 

Ste^n. Green with two red triangles, one above and one below the petiole, 
a pink flush on the lower two thirds of the stem, a very slight brown flush 
at the apex. 

Leaf, Five dots on the veins on the under side ; a band of red below 
the piilvinus, the pulviniis red. 

Corolla, Yellow-fading. 

Sepals, Tips green, very faint pink dots on the louver portion of the 
mature sepals. 

Fi. 

Intermediate in all respects between the two parents. 

F2. 

Stem and leaf. All the jilants were green with red markings. Nothing 
was produced outside the limits of the parents. Six intermediate homozygotic 
forms were found due to the addition of the factors A (fifth dot), B (red band 
below the pulvinus) and W (red wash over the pulvinus) to X the factor or group 
of factors present in Bhagalpuriensis, These three factors which are quite 
independent of all other colour factors, each control a certain amount of red 
colour below the petiole and together form the red triangle present in inters 
medms. As regards the coloured flushes, a slight brown apical flush was 
observed in all plants derived from this cross. If this apical flush be left 
out of account, several plants had clean green stems, others were completely 
covered by a dark purplish brown flush which was shown to breed true. This 
represents the union of the pink flush of intermedius with the brown flush of 
Bhagalpuriensis, These results would point to the existence in intermedius 
of one factor for the pink colour Pj and another for the distribution and in 
Bhagalpuriensis one factor for the colour N and one or two factors for the 
distribution. 
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GorcMa. A mixture of pink, pale pink and yellow-fading corollas were 
obtained in the proportion of 1 : 2 : 1 approximately. Of these, the first and 
the third bred true, the rest split as before. This change in colour of the 
corolla on fading was always associated with the presence of colour on the 
mature calyx but wa.s independent of the amount and also of the stem markings 
and stem flushes. The presence of red colour in the mature sepals and conse- 
quently the pink of the faded corolla are controlled by a single factor F. 

Sepals. The colour of the tips varied from green to bright green, the 
numbers indicating a difference of one factor. Thus if bright green be G, 
green can be represented by Gl. 

As regards the colour on the mature capsules, these varied from faint 
pink dots below like those of intermedin s or less to a colouration of almost the 
whole calyx the tone of colour being both pink and red. It is suggested 
that intermedins possesses a factor P for pink plus a factor T for the 
expression of the colour on the lower half of the calyx while Bhagalpuriensis 
possesses a factor D for red and a factor Q for distribution on the upper half 
of the calyx. Other factors regulating the appearance of the colour as dots 
(L) or as splashes (K) are probably also present. 

A tentative genetic constitution for Bhagalpmriensis would therefore 
be RsFXabwpimNGipDtQLK plus factors for distribution of the flushes 
on the stem. For intermedius the following is indicated r—RsfXABWPj 
uinGJPdTqLk plus factors for distribution of the stem flushes. 

2. Ruber X intermedius. 

Ruber. 

Plants with a crimson flush over stem, petiole, leaf-veins, peduncle, 
epic.alyx and calyx. A little green at the base of the stem. Corolla fades a 
deeper pink than in Bhagalpuriensis. 

Pi- 

This is also predominantly crimson (slightly less intense than in mher) 
but the base and the lower eighteen inches of the branches are green with red 
splashes; the leaf-veins, peduncle and epicalyx have splashes of green; the 
calyx is crimson but it is slightly less intense in colour than in ruber. 

Fa. 

Crimson plants and green plants with red markings on the stem and 
leaves were obtained in the proportion of 3 : 1. As regards the red markings 
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on the stem and leaves, the colour of the sepal tips, the faint pink flush on the 
sepals and the colour of the corolla on fading, the extracted green plants were 
exactly similar to internyidim. Differences were, however, observed as regards 
the stem flushes. These varied from pink to brown but nearly all the plants 
had a decided flush at the apex. Ruber possesses a browm flush M (probably 
apical) which is not present in intermedins. As . regards the crimson plants, 
these varied in the distribution of the colour. About one-third bred true to 
red, the others split giving crimson plants and gi'een plants with red markings 
in the proportion of 3 : 1. • 

Ruber would thus appear to have the same constitution as intermedius 
except as regards the factors governing the stem flushes. Ruber lacks the 
factor for the pink stem flush of intermedius but possesses the factor S which 
produces a crimson colour over the stem and the whole of the calyx and also 
possesse.s a factor M for a brown stem flush. 

. 3. Ruber x albus. 

■ • Albus. 

The plants are entirely green but of a yellowish tone. The sepal tips 
are yellow. There is no red colour on any part of the plant, even the eye of 
tte corolla is colourless and the pollen is yellow. 

^ The F, between these, two varieties is indistinguishable from ruher. In 
the Fg, plants resembling ruber and albus were produced in the proportion of 
3:1. In the F3 and succeeding generations, the green plants gave only green 
offspring, some of the crimson plants bred true, the others spht into crimson : 
green. . .3 . 1. hothing different to ruber and albus was produced in this 
cmss. All the green plants had yellow sepal tips. 

4. Albus X intermedius. 

^ 1 - ■ 

This resembles the Fj between rtiber and intermedius. 

'' ' ' ^2. - _ . 

' Three classes of plants were produced, the first consisted of crimson 
plants, the second of green plants with red markings and the third of plants 
which were entirely green. These formed about one quarter of the whole. 
The green plants with red markings formed one quarter of the remainder. 

The green plants bred true to green in succeeding generations. . They were 
all alike except as. regards the sepal tips which split from green to yellow, the 
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iiumerical proportion indicating, tlie difference of one factor.. This factor , YY 
As probably nothing more than .the combination .SSrr, , The mature sepals were 
all devoid of the faint pink dots of intermedius. 

The green plants with red markings resembled int^rmedim e,xactly except 
for the stem flushes. The sepaJ tips were- all green and the mature sepals 
ail had the faint pink dots of miermedim. In the next generatioip about one- 
third of these plants bred true to everything except stem fliislies ; the rest 
split into plants with red markings and entirely green plants in the proportion 
of 3 : L The entirely green plants produced by the splitting of some of the 
green individuals with red markings all had green sepal tips. This is in 
agreement with the hypothesis that the yellow tips are produced when S is 
present and R absent. Unfortunately, the nature of the stem flushes on the 
green plants with red markings was not noted. Among the crimson plants 
some bred true to crimson ; some split again into three classes ; some gave 
only crimson plants and green plants with red markings (3: 1), and some 
gave crimson plants and entirely green ones in the proportion of 3: L As 
regards the coloured plants, this cross behaved exactly like ruber X 
intermedins. 

From the results of these two crosses we may conclude that alhus has 
the same constitution as ruber except for the absence of a factor RR which 
is necessary for the production of any red colour. Thus 

alhus RR = niher. 

b. Ruber X Bhagalpuriensis. 


This was predominantly crimson but with a greater amount of green 
than in the Fi of ruber X intermedins. 


Crimson plants and green plants with red markings were obtained in 
the proportion of 3 : L 


Green playits with red markings. 

Stems and leaves. As regards these characters, the plants were not 
uniform as in ruber X intermedins but showed all gradations bet^yeen the 
markings of Bhagalimriensis and those oi intermedms. Ruber must therefore 
contain the factors A, B and W which convert the markings of 

" ^ 3. 
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Bkagalpuriensis into those of intermediws. This confirms the results obtained 
in the cross ruber X internied.ius. The flushes on the stem varied from 
no flush to a dark brown flush which bred true. This probably represents 
the union of the brown flush present in raber with the brown flushes of 
Bkagalpuriensis. The tone of this dark brown flush is quite distinct from 
that of the purplish brown flush produced by the union of the pink flush of 
intermedius with the brown flush of Bkagalpuriensis. The presence of this 
dark brown flush and the occurrence of some plants with no flush show that 
the brown flush of ruber is governed by a different factor to that controlling 
the brown flush of Bkagalpuriensis. 

Corolla. In all plants, the corolla turned pink on withering showing that 
both parents possess the factor F for colour production in the calyx. 

Sepals. The tips varied from bright green to green indicating the 
presence in ruber of the factor I. The red markings on the mature sepals 
varied from something less than the markings of Bkagalpuriensis to an almost 
complete colouration of the calyx and both the pink and dark red colours were 
present. Some of the least highly coloured calyces showed the red colour in 
dots only. This would indicate the absence in ruber of the factor which 
converts dots into splashes, and the presence of the factor for pink colour. 

The fact that in the F 2 all the mature calyces have red markings point to 
F being present in both ruber and Bkagalpuriensis. On the other hand, in 
the cioss ruber x intermedius only calyces without -red markings (except for 
the faint pink dots) were produced. The scarlet stem flush SS is, however, 
unlike the other stem flushes, never found without scarlet capsides and the 
simplest explanation would seem to be a complete linkage of S + F whenever 
both are present together. 

Crimson plants. 

The 97 plants comprised in this class differed among themselves very 
widely as regards the distribution of the crimson colour and the tone of the 
colour. All (except 3 which were too feeble to give seed) were growm in the 
F 3 . Thirty-four plants gave offspring which were all predominantly crimson, 
sixty split into crimson plants and green plants with red markings. These 
thirty-four plants varied among themselves as to the amount of crimson 
colour present. A certain number were more completely coloured even than 
ruber (especially towards the base) and the colour was a somewhat deeper 
purple. ' Some of these cultures bred true in succeeding generations, others 
split between this purple form and ruber. When this extracted purple form 
was crossed on to ruber, only red plants like the two parents were produced. 
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Wheu crossed on to Bhagalptirknsw and kUermediuSy the purple form behaved 
exactly like mfer as regards the factor S. 'The purple form represents 
the union of m&er with the brown flush of Bhagfxljyuriensis, Thus if the 
stem flushes -of ruber be represented by SM, the purple^ foinii would be, 
SMN, where N is the brown flush of Bhigxdpurierms, 

xlnother crimson form was identified and found to breed true in 
succeeding generations. This was slightly less crimson and more scarlet in 
tone than mber and the lower foot of the stem was green. Indications were 
obtained of other liomozygotic crimson forms depending on the distribution 
factors connected with these flushes and a pure scarlet form has been 
identified but has not yet been proved to be homozygous. 

6. Albus X Bhagalpuriensis. 

Fi. 

TheFi was crimson but with more green than ruber and resembled the 
F| of ruber x Bhagalpuriensis. 

Fg. 

Three classes of plants were obtained, crimson plants, green plants with 
red markings and entirely green plants. The green plants formed about one 
quarter of the whole, the green plants with red markings one cpiarter of the 
remainder. All the F2 plants w^ere continued into the F3. 

Plants entirely green. 

These proved to be homozygous to this character. They diflered only 
in the colour of the sepal tips which were bright green (GGiissER), green 
(GGIIssRR), olive green (GGiiSSrr), yellow (GGIISSrr) or intermediate 
between these four homozygotic forms. Several plants with bright green 
and green sepal tips were crossed on to mtermediiis and Bhagalpuriensis, The 
F2 gave entirely green plants and green plants with various amounts of red 
markings showing that the extracted green plants consisted of green plants 
with red markings in which RR was absent. No scarlet plants were obtained 
thus confirming the conclusion that yellow sepal tips denote the presence of 
S, the factor for scarlet. These extracted green plants when crossed among 
themselves or with gave, as would be expected, only green plants in 
the F2. 

Green plants with red markings, ^ 

Stem and leaf niarkings. These varied from those of Bhagalpuriensis to 
those of inter medius. Intermediates were found but nothing which could not 
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be represented by the factors X, A, B and W. Certain individuals in the Bs 
produced only green plants with red markings, the others split giving some 
entirely green plants (3 : ]). 

Corolla, In all the plants, the corolla turned pink on fading. 

Sepals. The tips varied from bright green to green, indicating the 
presence in alhus of the factor I. The mature sepals all had red markings. 
The.se markings varied from something less than those of BJmgalpuriensis^o 
calyces which were almost completely coloured. The observations on the 
calyces were made at an early stage of the investigation and fuller details are 
unfortunately not available. As far as the notes go, the calyces seem to have 
resembled in their markings those obtained in the last cross. 


Gfimson plants. 



Some bred true to crimson, others split inti 
some into crimson and green with red markings (3 
the J ?2 generation. These crimson plants varied ■ 
not be further analysed. The presence of the p 
union of ruber plus the brown flush of Bh 
demonstrated. 

IV. CONCLUSIONS, 

The investigation of the factors governing th 
in Hibiscus Sabdariffa, although incomplete, appe 
conclusions : — 

1. There exists a factor E which is necessar 
or crimson colour in any part of the plant. Coh 
presence of Er. This factor is absent in 



,, 5., Three independent factors A (dot. on. the fifth yein)., B (band below 
the petio.le) and W (red wash on the petiole) are combined with X i,n ,tiie 
markings of intemiedim. In addition to their efiect on the leaf and petiole, 
each of these factors is responsible for some red on the stem below the 
petiole. All three together produce the lower red triangle on the stem. 

6. In addition to the red markings, continuous flushes of colour are 
present on the stem. These flushes vary in colour and in distribution. The 
most conspicuous is the scarlet flush found in ruber which is governed by the 
factor S. This scarlet flush is always associated with scarlet calyces and 
pink fading corollas, f.e., S is always linked wdth F. The distribution of S 
varies but the crimson colour is never found at the base only. The crimson 
colour of ruber is produced by the presence of a brown flush M (which can 
exist independently) as well as S. In addition to these two flushes, two 
others exist, a pink flush in intermedms controlled by the factor Pi and a 
brown flush N in Bhagrdpimensis. The union of Pi and N produces a 
purplish brown flush, the union of M and N a dark brown flush, the union 
of ruber (i.e., SM) and N produces a purple form slightly darker than ruber. 
Although both M and N are brown they are not alike. In addition to the 
factors controlling the colour, these flushes are influenced by distribution 
factors which may in some cases be linked with the colour but this point 
has not been sufficiently investigated. 

7. The differences in the tone of colour of the sepal tips has been 
investigated. Kepresenting the bright green of the sepal tips of Bhagal- 
puriensis by G, the green of intermedins is due to the addition of a factor I. 
The yellow colour typical of albus h&s been shown to occur only w^heii S is 
present and E is absent and is represented by the genotype GGIISSrr. 
Another homozygous tone of colour, olive green was produced during the 
course of the investigations. This represents the genotype GGiiSSrr. 

8. The factors governing the colour on the mature calyces has not been 
fully investigated. There appear to be two factors for colour P representing 
the pink present in intermedius (although this is only faintly visible owing 
to the absence of F) and a factor D present in Bhagdpuriemis which 
converts this pink into dark red. Distribution factors, independent of the 
colour factors, also occur, intermedius probably possessing a factor T for the 
presence of the colour on the lower half of the capsule, Bhagalpuriensis a 
factor Q for the occurrence of colour on the upper portion only. It is 
possible that in the future these factors may be proved not to be simjple but 
a group of several factors. In addition, factors are present for the mode 
of occurrence of the colours, the factor L present in mtermedw producing 
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dots. Bhaffalpuriemis probably possesses a factor K wliich converts these 
dots into continuous splashes or produces splashes in addition to dots. 

9. The following is the list of factors suggested by these 

investigations : — 

E a factor which is necessary for the expression of all red colour. 

F a factor which allows the production of red markings on the calyx 
and of pink in the fading corolla. 

X a factor or group of factors responsible for the red markings of the 
leaf and the stem in Bhagalpuriensis. 

A a factor producing a red dot on the central vein of the leaf. 

B a factor producing a red band on the petiole below the pulvinus. 

W a factor producing a red wash on the pulvinus. 

Pj a factor for the pink stem flush in MiferjwedfMs. 

M a factor for the brown stem flush present in ruber. 

N a factor for the brown stem flush present in Bhagalpuriensis. 

S a factor for the scarlet stem flush present in ruber. 

G a factor responsible for the bright green of the sepal tips in 

puriensis, 

I a factor which converts bright green sepal tips into the green tips of 
intermedins. 

P a factor producing pink markings on the mature calyx. 

D a factor responsible for the dark red colour on the calyx of 
Bhagalpuriensis. 

T a factor controlling the distribution of red colour on the lower part 
of the mature calyx. 

Q a factor controlling the distribution of the red colour on the upper 
part of the mature calyx. 

L a factor present in intermedins by which the red colour on the 

mature calyx appears in the form of dots, 

K a factor which is present in Bhagalpuriensis by which the red colour 
on the mature calyx appears in the form of splashes. 

_ 10. Prom the results of hybridizing the four varieties of Hibiscus Sab- 
dariffa among themselves they would appear to possess the following genetic 
constitutions: — 

EAagalpMnewsfs RsFXabwpimlSrGipDtQLK. 

Intexmedius RsPXABWPimuGIPdTqLk. 

Ruber I^(S+P)XABWpiMnGlPdTqLk. 

Albus J^(S+F)XABWpiMnGIPdTqLk. 
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AH probably also contain factors regulating tlie distribution of tlie s 
fliisbes. 

It is hoped that the publication of these results, altlioiigli, iii€C)i:i:ipi 
may be of use to future workers on this species. 


Pus a: 

Wi November, 1923. 
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THE - MAHALI DISEASE OF COCONUTS 
IN MALABAR 


BY 

S. SUNDAEARAMAN, M.A., 

Offg. Govemmient Mycologist^ Goimbaiore ; 

AND 

T. S. RAMAKEISHNAN, M.A, 

Assistmit in Mycology, Coimbatore, 

[Eeceived for publication on the 15th December, 1923.] 

The coconut palm is very extensively grown on tlie West Coast and the 
prosperity of the major portion of the population depends upon a good return 
from this crop, so much so that in some places the wealth of a man is calculated 
by the number of coconut trees he owns. Hence any disease which is likely to 
affect this palm seriously will be a heavy blow to the material welfare of the 
locality. In many parts of Malabar, Kanara and Mysore, the arecanut palm 
has been for some years past suffering from a disease called Mahaii ’’ or 
‘‘ Koleroga ’’ which causes the nuts to rot and fall off from the bunches and 
in extreme cases affects the crown of the palm itself. A disease resembling 
it in several respects has recently been noticed affecting the coconut trees 
in certain parts of Malabar as shown in the map. As the symptoms of the 
disease in both cases are similar, the garden owners in the tract call this 
also the “ Mahaii ’’ disease. 

This disease was first noticed in August 1922 after the heavy south-west 
monsoon in a garden at Perambalai Amsani (Cochin State) bordering on 
Challeseri (Ponnani Taluk). In this garden coconut palms were grown inter- 
spersed with arecanut palms. A large number of young and nearly mature 
coconuts were found dropped from the trees. A violent shake of the crown 
brought down several nuts that had rotted on the bunches. JSio fiiithei 
reports were received during the year. But after the unusually heavy rains 
in August 1923, reports of nut-fall were received from various places in the 
Ponnani and Walluvanad taluks. Generally, in these taluks various kinds 
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of trees are grown in one and the same garden. The coconut, arecanut and 
sago palms, jak and mango are all planted indiscriminately and close to 
one another. This year the ‘‘ Mahali ” disease of arecanuts was very virulent 
mthis locality and almost every garden was affected. In the majority 
of the gardens the coconut palms also suffered from this. 
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nearly ,, mature' nuts occurred after the heavy rains. The lalleii nuts are 
found : to be,, .diseased .a:nd discoloured and a PhyiofMhoni species is said to 
cause the disease. Iiil920 Mr. Ashby ^ noticed a nut-fall in Jamaica, which he 
attributes to;a’ strain oi Biitl. Min Cladd,^ Assistant 

Mycologist, Ceylon, comes to the conclusion that the fall of very young 
immature nuts— buttons— shortly after the opening of the inflorescence must 
be regarded as a natural consequence of the production of an excess of female 
flowers. It is not normally a diseased condition though external factors such 
as drought may adversely aflect the fall of such immature fruits. The 
fall of older but still immature nuts may be due to two causes : (i) Organic, 
including the attacks of fungi particularly PhyiopJrlliora sp. on tlie mits or 
nut-branches; (ii) Meclianical or physiological, i.e., due to environmental 
conditions, e.g,, the breaking of the fruiting branch due to the rei:oo\'al ol 
the support given by the subtending leaf.’’ In a subsequent paper he says 
that the fall may be caused by a water-logged condition of the soil after the 
heavy rains wdiich outs off the air supply to the roots, thtis interfering with 
the vital processes of the roots. This may lead to a reduced absorption ol 
water which in e:ffiect is equivalent to a water shortage. 

The fall of the nuts referred to in this paper is caused by a fungus. Nuts 
of all sizes varying from small ones to those nearly mature are found to drop 
down. The fall was fairly common but heavy after the incessant rains of 
July and August. When the fallen nuts are examined they are found to be 
of a dark brown or blackish brown colour at the base, the place of attach- 
ment (Plate I). These discoloured patches are in some cases confined to the 
basal region of the nuts alone or in others extend to nearly the basal half of 
the fruits. They present a water-soaked appearance. Newdy fallen nuts 
show on examination a whitish filmy grovrth of fungus over the brown patches 
(Plate I, A). This growth consists of the mycelium and sporangia of the 
fungus {Phytoplithom sp.) causing this disease. On breaking open a fallen 
nut the husk is found soft and rotten in patches w^heie there is external 
discoloration. The kernel is soft and partly or wholly rotten, depending 
upon the stage of the disease, emitting a very unpleasant odour and being 
unfit for consumption (Plate I, B and 0). When examined under the 
microscope it is found fully invaded by the mycelium of the fungus. The 


* Ashby, S. F. Notes on two diseases of the coconut palm caused by fungi of the genus 
PhytopJdhoTCi, W^t Ind* Bull.f XVIII, p. 63. 

2Gadd, C. H. Nut-fall of coconuts. Oeyhn Dept. Agri. Bull. 

^ Gadd, C..H. A possible physiological cause of nut^fall of coconuts. Year-Book of Dept. 
Agri.f Oeyhnf 1923, 
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milk of tlie nut is brown in colour/ giving a foetid smell. Sometimes the stalks 
of the fruit and the nut branches may be affected. Thei.main axis of the 
inflorescence and the individual nut branches turn dark'; brown and rot 
(Plate II, 1), with the result that all the nuts on the diseased bunches drop 
off though the nuts themselves may not have been affected. The hyphse are 
found (in sections of the pericarp of young fruits) to be mainly inter-cellular 
and send in finger-shaped haustoria into the cells. 

From the young rotten nuts received, the fungus w^as , brought into 
culture. Single germinating sporangia from agar plates were picked out by a 
platinum scoop and transferred to oat agar tubes. They germinate readily 
in glucose agar in 3 to 4 hours. The fungus grows luxuriantly: on oat- juice, 
corn-meal and French-bean agar cultures and on boiled rice with the 
production of numerous sporangia. On starch agar the growth is scanty 
but sporangia are formed. On sterilized bits of young nuts placed in Eoiix 
potato tubes there is a good growth of the fungus with copious formation 
of sporangia. Neither in artificial cultures nor in nature are any oospores 
noticed. Only sporangia are produced. These measure from 32 — 64- x 27 
— ■ 42g. This fungus resembles Phytophthom omnivora var. Arecce in every 
respect. The morphology of this fungus has been very elaborately 
dealt with by Dr. Coleman in his Bulletin.^ 

With the fungus from cultures, inoculations were made at Coimbatore 
on fruits and buds of coconut and arecanut palms. The fruits were 
placed singly inside moist chambers or hung in bunches inside glass cages. 
Fruits on the standing coconut trees also were inoculated. Bits of the fungus 
mycelium and suspensions of sporangia and zoospores were used. The 
climatic conditions of Coimbatore are unlike those met with on the West 
Coast. This fungus seems to thrive well only in an atmosphere saturated 
with moisture after heavy rains as on the West Coast and unlike that at 
Coimbatore. Yet all attempts were made to create the same atmospheric 
conditions artificially by the use of damp cotton-wool and spraying the plants 
with water every morning and evening. The nuts used for infection in the 
laboratory were sterilized, by first dipping theni in mercuric chloride solution 
(of 1/1000 strength) and then washing them with sterile water two or three 
times. The buds were enclosed within broad chimneys whose ends were 
loosely plugged with cotton-wool. A fine spray of sterile water was given 
to keep the inside of the chimney moist. 

^Coieman, L. C. Disease'^ of the areca palm. I, Koleroga. Mysore Dept, Aork Bull 
Myc. 8er,t No. 11. 
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Results of inoculations. 

(1) Coconut PhytopMhora on coconut. 

Coconut fruits inoculated with the fungus developed .small brown spots 
at the place of inoculation in six to seven days after the date of inoculation 
(Plate II, 2). These spots gradually increased in size until the wliole of 
the basal region assumed a dark brown colour. A whitish growtli ol the 
fungus with a copious formation of sporangia appeared over the discoloured 
areas. On cutting open the nuts the pericarp was found to be soli and 
rotting. Sections of the pericarp showed the presence of the inter-cellular 

mycelium with the fingershaped haustoria projecting iuside the cells. The 

fungus infects the young fruits readily without wounding. But a fully 
saturated atmosphere seems to be absolutely necessarju since one set of 
inoculations conducted when the climatic conditions were dry was not 
successful in spite of using moist cotton-wool. The fungu.s, so far, 
is known to be confined to the fruiting bunches and not afiectmg the 
bud Buds which were inoculated after wounding showed only small 
localised spots while those which were not wounded did not take infection. 

(2) Coconut Phytophthom on arecan/ut. 

Arecanut buds and fruits iaoculated with the fungus isolated from 
coconuts readily take the infection. The nuts rot and fall off the bunches. 
As noticed in the » Mahali ” disease of arecanuts, a greyish white coating of 
the fungus appeared on the fruits. Thus from the results of the inocula- 
tions, it is seen that the fungus camsing the Mahali ” or ^^iiut-iall of 
coconuts is the same as the one responsihle for the Malvah ” disease ol 

arecanuts. 

(3) Arecamit Phytophthom on coconuU. 

Arecanuts affected by “Mahali” were obtained and the fungus 
Phytophthom omnwom var. Arecce isolated from them. Pour coconuts about 
three inches long were inoculated with this fungu.s, and kept inside moist 
chambers with sterile moist cotton-wool over them. In .six to eight days 
brown patches formed on the fruits round the inoculated places and these 
gradually increased in size. The control was not affected. No spot 
formation was noticed in any of these. Exi.eriments trie.l on standing 

coconut trees showed also positive results. 

■ So far this disease has been noticed only in a few localities, thoiigh it 
cannot be said with certainty that it i.s confined to the places shown in the 
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map* .From the few reports received, the nut-fall appears to he not 
very serious and shows itself only in gardens where the twm palms (arecamit 
and coconut) are growui together and where the ^'Mahali disease on the 
former has been severe. The Mahali of arecanuts has been prevalent in 
Malabar for several years and the appearance of the disease on coconuts 
growing in arecamit gardens affected by '' Mahali '' clearly^ shows that the 
source of the disease on coconuts must obviously be from arecanuts. From 
the arecanuts to the coconuts, when the favourable conditions prevail, is 
but an easy step. When the arecamit palms in a garden are sprayed 
sufficiently early and Mahali is prevented, nut-fall in coconuts does not 
appear in that garden. In one garden in Mullesseri, South Malabar, there 
was a severe outbreak of the disease on arecanuts last year. This spread 
to several coconut palms and there ivas nut-fall. But during this year 
the owner sprayed the arecanuts early in the season and thus prevented 
the appearance of the disease. No divsease has appeared on the coconuts 
also. 

The control measures adopted to check the '‘Mahali^' disease of 
arecanuts can well be employed as effectively in the case of the coconut 
disease also. Before commencing to spray, all the diseased and rotten nuts 
should be picked up and burnt along with the rotten and decayed stalks 
and inflorescence branches collected from the tree. The bunches should be 
sprayed just before the rains set in and once again at interval of clear weather. 
This may be done when the arecanuts are being sprayed. Every coconut 
palm growing in a group of arecanuts in an infected area should be sprayed 
with Bordeaux mixture as a preventive. This is the only method of 
combating the disease. The cost of spraying the bunches on a coconut' palm 
is twice that of spraying the bunches of an arecamit, i.e., it comes to about 
Es. 2-4-0 for 100 trees or about 5 pies per tree. One nut saved will meet 
this cost. On an average the income from each coconut tree is about 
Rs, 2 per annum. 

Summary. 

A disease of coconuts called nut-fall or Mahali has been noticed in 
certain parts of Malabar after the heavy south-west monsoon during the last 
two j^ears. Young as well as nearly mature nuts fall off in large niimbters. 
The basal portions of the fallen nuts are of a dark brown colour with a 
growth" of the fiingiis them. The kernel of the 

aftected fruits is lutten and iiseless. Sometimes the inflorescence axis and 
branches are affected. ■ 



SONBABABAMAH ANB EAMAKBISHHAN 


Inoculation experiments show that the PhytojpJdhom sp. is the cause of 
the disease. Cross-inoculations prove that this fungus is the same as the 
one— PhytopMJiora omnivora var. Atecce — ^which causes the Mahali ” or 
Koleroga of arecanuts. The disease appears on coconuts only in gardens 
where they are grown interspersed with arecanuts and where the latter are 
affected by ** Koleroga/' and coconuts get the disease from arecanuts. 
Spraying with Bordeaux mixture was recoiimiended as a remedial measure.. 
It has been found successful in preventing nut-fall wherever tried. 
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THE EBABICATIOH OH GYPEBUS EOTUNBUS. L, 



Tlie Trustees of the Sassoon David Trust Fund, Bombay, have from time 
to time made grants for research work in connection with agricultural develop- 
ment. In the present instance, they supplied the means for the investigation 
of the eradication of the most serious weeds of cultivation, and especially of the 
Lmala weed,'’ this purpose being so outlined by the Director of Agriculture, 
Dr. H. H. Mann, in making his proposals. 

It was early decided to concentrate on the lavala weed, Cyperus rotundus. 
All writers agree as to the noxious character of this weed. Cooke^ says, '' A 
very troublesome weed of cultivation, eradicated with difficulty owing to the 
stolons becoming woody.” Roxburgh^ states, ''This is by far the most 
common species we have in India ; it delights in a moist sandy soil though 
it grows abundantly everywhere. It is by far the most troublesome weed 
we have ill our gardens, there is no extirpating it as every little bit of the 
root grows readily.” This character is confirmed by a remark in a recent 
American publication,^ that " nothing serves so well to propagate it as to 
plough and re-plough with a view to destroy it.” 

In a letter to the Sassoon David Trust Fund Trustees in 1920 the then 
Director of Agriculture of the Bombay Presidency, Mr. Keatinge, said, The 
problem of eradication, particularly in some of our most fertile areas like 
Kaira and Gujarat, is an unsolved problem, and the lavala weed itself 
probably reduces in these very fertile tracts annually the yield by 25 to 30 
per cent.” 

The plant is widely distributed in all warm regions. . It is impossible 
to locate the centre of that distribution. It is found in Australia, America, 
Africa, and the warmer parts of S. Europe, and, in fact, anywhere in the 
tropics, sub-tropics and adjacent regions. 

Its main peculiarity and its main strength are the tubers formed on 
its underground wiry rhizomes, by means of which it stores up food and 
propagates itself. 

The organization of research in general and agricultural research in 
particular is the subject of considerable discussion and trial in most countries 
at the present moment. In this, as in several other of our recent departmental 
researches, we have followed a method which has proved efficient and which 
seems to have found favour elsewhere also. This was to control the research 
by a committee in which various interests were represented and with a chair- 
man whose own technical and administrative training would enable him to 

^ Cooke, J. Flora of the Bombay Presidency, II, 872, 1908. 

^Boxburgh, W. Flora IndiGat 60, 1874, 

* Georgia, Ada. Manual of Weeds, 68, 1914. 
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guide the actual worker or workers. The committee appointed by the Director 
of Agriculture consisted of — 

The Economic Botanist to the Government of Bombay 

(Chairman) .. .. .. •• E'’- W. Burns. 

The Professor of Agriculture, Poona College of Agricul- 
ture .. .. .. Prof. J. B. Knight, 

and later •• •• .. . .. Prof. B. S. Patel. 

The Deputy Director of Agriculture, Gujarat .. Rao S.aheb Bhimbhai 

Dcsai. 

For the actual conduct of the research Mr. S. B. Ranade, id. Sc*. 
(Bom.) Bombay, was selected. His work was pdanned by the committee and 
carried out under the personal supervision and with the assi.stance of Dr. W. 
Burns. The laboratory work vras done in the laboratory oi the J'.conomic 
Botanist, College of Agriculture, Poona, and the field work on \'n,rimis faiuiis 
of the Bombay Department of Agriculture, on certain privately owned 
fields and in the Empress Gardeas, Poona. 

The object of this research was to find means of eradicating the lavala 
weed. This is not the first time that departments in India and elsewhere 
have addressed themselves to this problem. Their method of attack has 
usually been experiment on a field scale with agricultural implements. 

After careful consideration the committee came to the conclusion that 
there was really only one sound way of ' dealing with this problem, namely, 
to study the lavala weed itself first, and get to know all that one could about 
its life cycle, and then to attack it at the weakest point of that life cycle. 

It was recognised that this meant in the beginning a botanical enquiij 
with possibly slow progress, but that the foundation of sound scientific know- 
ledge so laid would bear the weight of any superstructure of agricultural 
practice that might be built up as the result of that wurk. 

The results have entirely justified the method of controlling the research, 
the choice of the actual worker, and the decision to study first the plant and 
only later to deal with field practice. 

The whole research is here described. 

II. The Botany of Ot/perws roMmdus, L. 

1. Systematic Position. 

The natural order Cyperacew is a. well-defined family, suptirficially 
similar to grasses but differing actually in ma.ny essential points, both botani- 
cally and agriculturally. It is not essential in this Memoir to go into these 
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detaiisj wliicli are available in any text-book. The genus, itself 

belongs to the sub-family of the Scirpoidecs-OyperinecB and numbers about 
400 species, mainly found in the tropical and sub-tropical regions of the 
earth. In South England there are two species, rare in occurrence. 

Cypems rotundus is cosmopolitan within the limits of distribution of the 
genus and is, in all the countries where it occurs, a formidable weed of cultiva- 
tion, Possibly for this very reason it has not received that detailed study 
at the hands of botanists which rarer plants enjoy. In the various floras 
of India the plant naturally finds a place and we quote here Hooker’s^ 
description. 

^Mndia, alt. 0-6,000 ft., a pestiferous weed. Distrib. All warm regions. 
Glabrous. Stolons slender, up to 4-8 in., hardening into wiry roots, 
thickened into black woody ovoid tubers -|-1 in. in diam., not 
(or very obscurely) zoned. Stems subsolitary, 4-32 in. at top 
. triquetrous. Leaves long, often overtopping stem, in. broad. 
Umbel frequently compound, primary rays 2-8 in., spikes loosely 
spicate of 3-8 spikelets ; but umbel sometimes large, sometime 
reduced to 1 head and (in a common Calcutta form) to 1 spikelet.’’ 
The plant is listed by Clarke^ but not figured. 

2. Common diameters and Names, 

Oyperus rotundus is easily recognizable. Its leaves spring directly 
from the ground without any apparent stem. They are of a peculiar bright 
green and are marked by a deep furrow in the middle. When full grown 
they sprawl about on the surface of the soil. The plant thus has a charac- 
teristically untidy habit. (Plate I, 1.) From the centre of the rosette of 
leaves springs up the grass-like inflorescence. A plant so common, so 
detrimental to agriculture and so recognizable w^as bound to receive common 
names. In the Bombay Presidency its vernacular names are Lamia and 
Nagarmotlia (in Marathi), Gundardo (in Gujarati), and Korai Teh (in 
Kanarese). The Tamil name is Kizhangu, Throughout this memoir, when 
referring to the plant by its common name, we shall call it Lavala. 

3. Varieties. 

In Gujarat two forms of the plant are distinguished by the people and 
named Chido and Chidi. In Chido vegetative growth above ground is 
vigorous and the leaves are long and broad. Below ground the tuber forma- 
tion is also vigorous, the tubers • are long and broad, formed at large 

^ Hooker, J. B. Flora of British India, VI. 015. 

^ Clarke, 0. B. Botanical Bub-subareas of British India, 36. 
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intervals on a deeply penetrating riiizome system. Most of these tubers ih) 
not' sprout but reniain as reservoirs of food and water.- In Chidi the shoots 
are stunted and bushy, and the leaves small. The tubers are small and 
more superficially placed on a less extended rhizome system. As a matter 
of fact, most of the tubers are within a foot of the surface of the soil. These 
sprout readily and form a dense mass of shoots. It is believed that (Jliido 
turns into Chidi and that the latter is the nlore difficidt to eradicate. 

We found Chido on moist loose goradu (sand and clay) soil and in irrigated 
fields of black soil. Chidi was found in hard drying goradu soil, and also in 
water-logged or packed black soil. This would seem to indicate that 
Chidi was a response to unfavourable soil conditions. To test this, tubers of 
characteristic Chido and Chidi plants wwe dug up from various places in 
Gujarat and brought to Poona where they were grown in pots in various 
soils and conditions. It was found that the formation of the Chido and 
Chidi forms was absolutely dependent on the soil and water conditions, 
tubers from either Chido or Gliidi giving the opposite form in their progeny 
according to the environment. 

While the variation just mentioned is an effect of the environment and 
not inherited, there are variations as yet little studied which appear to be 
inherited. It has been our experience and also the experience of others that 
any wild species in India, if critically studied, yields sub-species of consider- 
able range of variation. Hooker^ has in the case of many of the grasses 
mentioned such. In the case of lavala, the floras give the colour of the 
glumes as red-brown. W e have in addition observed the following colour 
variations in the glumes, (1) yellowish white, (2) light red, (3) coppery 
red with a metallic lustre, (4) dark red with a blackish tinge. This^colour 
variation has nothing to do with age, as the colour was determined at th^^ 
same stage in each case, namely, the time when the stigmas were protruding. 
In 1921, experiments were made to determine if these colour variations 
were inherited through tuber propagation. It was ioiiiid that this was so in 
all cases, with the curious modification of loss: of metallic lustre in the third 
variety mentioned. We have not been able to pursue these experiments 
further but there is obviously here a fertile study for the geneticist. 

It is noteworthy that Sedgwick^, a very accurate observer, mentions 
these colour variations, and even goes the length of correlating them, "v^itli 
soil variations. We are unable to confirm such correlation. 

m-Iookor, J. I>. hn<mi<d Briti'ih Andropogo^^^ 

2 Sedgwick, L. J. The Cyperacea of the Boinbay Presidency, Bom, Xut. Hist,. Sac, Jk, 
XXV, No” 4. p. 090, June 1918. 
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4. The Seedling Stage and First Tuber. 

From the standpoints of both botany and agriculture, the tuber-forming 
character of this plant is of the greatest importance. A complete under- 
standing of the nature and origin of these tubers demands a study of the 
plant from its seedling stage onwards. We shall now record our observations. 

The visible “ seed ” is really a fruit, being a triangular compressed 
hard-coated and brown nut of minute size (l/30th by l/40th inch). Within 
this is the true seed, containing endosperm ' and a microscopic embryo. On 
germination this embryo produces a seedling of the type well-described by 



Goebel^. Figure 1 shows diagramniatically the arrangement of its parts. 
Within the seed is the haustorial portion of the cotyledon, whose business 
it is to transfer to the shoot the stored material of the endosperm. 
Following it is a curious .elongated body, the mesocotyl, which connects 
with the tubular sheath (coleoptile). All three parts (haustorial part of 
the cotyledon, mesocotyl and coleoptile) are regarded by Goebel as 

^ Goebel, K. Organogra^ihy oj Plants^ II, 413, 1905. 
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collectively the cotyledon. Where the mesocotyl joing the coieojitiie is tiie 
point of origin (withiii the coleoptile) of 'the leaves. In other words 
this is the site of the teriiiiiial bud. The mesocotyl is explained biol«>gically 
as a means for facilitating boring through the earth by toe coieo|>lJI(vwit!i 
its contained stem-bud. This adaptation is in itself a foreshadowing of the 
geophilous habit of which we shall have more to say later. Tln^ a,ni(.funt of 
elongation of the mesocotyl is to some extent determined by the de]uh of 
earth above the fruit. The radicle elongates and develops a few seco!idar\^ 
roots. At this stage occasionally the fruit-coat Biirivels. leaving tlie endos- 
perm protected by the yellow seed-coat only. The junction of the mesocot.yl 
and the coleoptile swells and adventitious roots start therefroiiL tln,^ coleop- 
tile itself bursts and the first true leaf emerges. After the development of 
two or tliree leaves and the growth of several adventitious roots the radicle 
darkens and shrivels. The contents of the seed remain attaclied to the 
seedling for a considerable time. 

From the swollen base of the shoot (i.e., the swollen junction of meso- 
cotyl and coleoptile), which we shall call the basal btdb, now appear one or more 
positively geotropic shoots which elongate and each forms a tuber at its end. 
(Plate I, 2.) These tubers launch out into vegetative growth of their own, 
but we shall leave their development for the present and concentrate our 
attention on the life history of the seedling thus far revealed. 

5. The Geoi^Mlotis Habit. 

The salient point of this life history is the haste of the plant to form a 
tuber. This first tuber formation is completed within ten to fifteen days 
after germination. As an interpretation of this we cannot do better than 
refer to Miss E, Sargant’s' brilliant paper '' A Theory of the Origin' of the 
Monocotyledons founded on the Structure of their Seedlings ” and especially 
to that part of the paper which deals with the development of the geophilous 
habit. Miss Sargant deals specially with the correlation of the tuber- 
forming habit with the concrescence of the two cotyledons of the dicotyledon 
into the one of the monocotyledon, but from our point of view (that of mere 
adaptation to environment) her remarks are equally illuminating and we 
make no apology for quoting some of them. 

'‘The formation of underground root-stocks, of tubers, corms, and 
bulbs, is characteristic of the plants called ‘ geophilous ’ by Professor 
Areschoug. The general definition of the term which he gives in part 1 

1 Eargiint, Ethel. A Theory of the Origin of Monocotyledoii>> founded on the Striictui’e of 
their Seedlings. A'lin. BoL^ XVTX, I, 1903. 


106 


TflE EKADIGA1?I0N CYI'ERUS sotUnbus t. 


is very wide ; 'We include under that head such plants as form the buds 
by which they reproduce the shoot underground ; those plants in fact 
which develop their aerial organs more or less completely beneath the 
surface of the soil’ Defined in this way the term would include all bien- 
nials and herbaceous perennials of the temperate and arctic zones, for the 
aerial shoots of all such plants disappear during the winter, and are replaced 
in the following spring by the development of buds formed underground. . . . 

" In order to use the short season of vegetation to the best advantage 
the geophilous plant or geophyte must be furnished with a store of nourish- 
ment, and this is placed at some distance below the surface of the soil 
for protection against the cold or heat of the dead season. A plant so 
provided can throw up leaves and flowers at a few days’ notice from the 
bud attached to its swollen axis or tuberous root. 

" The leaves when once above the ground make the most of their 
short life. They restock the underground organs with food for the follow- 
ing season, and they support the flowers, and later the maturing fruit, 
until the seed is ripe. When this occurs before the advent of the cold or 
drought withers the aerial shoots, the cycle of development is complete, 
but in such localities it must often happen that an early frost or a dry 
season kills all the seed formed by a plant before it is ripe. ...... 

"When we consider the conditions under Tvhich a typical geophyte 
lives, it is very clear that its seedlings must be even more perfectly adapted 
to the environment than the mature plant in order to have a chance of 
surviving. 

" The seed formed at the end of the growing period is commonly capable 
of resisting a considerable degree of cold or drought in the long dead season. 
When the genial weather returns and it germinates, the seed is confronted 
with a difiicult problem. During the short period of vegetation the growth 
of the seedling must proceed in such a way that the structure completed 
by the end of the season is capable of living through the severe weather 
which follows. 

" Accordingly we find that the seedling begins at once to form its 
underground organs 

" In all these cases, however, the production of assimilating surfaces 
seems to be an object of secondary importance to the seedling of a 
geophilous plant in its first season. The formation of adequate subterranean 
organs at a safe distance below the surface of the soil is the condition on 
which the life of such a seedling ultimately depends, and its powers are 
devoted in the first place to this task.” 








Ri^NABE ANB BtJRHS 


107 


6. Other Tuber-f arming Species. 

j .Gypems rotundus is not tlie only tuber-forming species. There are 
also (/. tuberosus, and G. esculentm in the Bombay Presidency, and. (so far 
as one can judge from plates and descriptions) C. ■ siolonifertfs elsev:h.ere. 
G. hnlbostts is not quite in the same 'class, since its tuber is mort.^ of 
the nature of a rosette of fleshy leaves. Of all the tuber-forming 
species, however, C. rotundus is easily first as to the depth and extent 
of its subterranean tuber-system, the beginning of which we have just been 
describing. It is, tlierefore, a plant which has developed the niaxiimiin 
amount of protection against drought, heat or cultivation. Little wonder that 
it has become one of the main weeds of the tropics and sub-tropics. 

7. General Morphology amd Physiology of the Tubers, 

The tuber appears always to be the condensed end of an iiiidergroiind 
shoot. It consists of several short internodes, much swollen and bearing 
between them the scale leaves and buds of the nodes. The tuber is ovoid 
in shape and at its narrower end bears a terminal bud. The scale leaves of all 
the buds are deciduous. The tuber is at first externally white, but changes 
colour with age through red and brown to black. Each bud of a tuber can 
produce a rhizomatous shoot which either forms a tuber at its tip (and so on to 
form a chain of tubers with intercalated rhizomes) or else produces a rhizome 
that ends in an aerial shoot. The dormant apical bud can form only the latter. 

The tubers are storehouses of food-material, mainly starch, and in addition 
are perennating organs buried at varying depths, admirably adapted to ensure 
the survival of at least some of their mimber. 

We shall have, later in this memoii*, to discuss at some length the forma- 
tion and germination of these tubers, but we may for the present describe 
generally their behaviour. 

After a plant has formed its first tuber it may form further rhizomes 
from a swelling (at the junction of the mesocotyl and coleoptile, henceforth 
to be called the basal bulb) and also from the tuber. There are two chief 
types of rhizomes those which are negatively and those which are positively 
geotropic. The positively geotropic shoots seek deeper layers and there 
usually form another tuber from w^hich still another shoot going downwards 
may be formed. (Plate II, 1.) We thus find chains of tubers descending to 
considerable depths. We have provisionally called a rhizome which descends 
to some depth a dropper (Plates II, 2 and III, 1.) Any tuber whether on a 
dropper or not may form a negatively geotropic shoot which strives to reach 
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the light. If the tuber which forins this type of shoot is at a great depth 
then the shoot may have a considerable struggle to get to the surface and may 
possibly fail. In certain cases the plant resorts to the device of forming 
advanced bases in the form of intercalary tubers on the way up, into which it 
presumably sends its food material and so gets a fresh start from a higher level 
(Plate III, 2). In addition to rhizomes with a pronounced positive or negative 
geotropism there are also rhizomes which are more or less cliageotropic and 
which spread in a horizontal direction either ending in tubers within the same 
soil layer, or eventually bending up or down. 

The result of all these developments is the production underground of a 
large number of tubers at different depths, connected by rhizomes, and with 
certain rhizomes ascending to the surface and there producing the leaves 
which feed the tubers with starch. The number of shoots above ground is no 
indication of the number of tubers below ground. 

Put in another way this means that only a few of the tubers are actually 
in a state of growth. They are serving as food stores or exchanges but, unless 
some special stimulus is applied, they will not further burst into growth. 
Such a stimulus is the isolation of the tuber. In the various experiments 
recorded in detail later on, the effects of such planting of isolated and partially 
connected tubers are given. 

At present we may draw attention only to one or two points in the 
germination of the tuber which are of interest. The isolated tuber, like the 
seed, makes its first business the establishment of an aerial connection. To 
this end, from one or more of its buds, it sends up a shoot which grows verti- 
cally and has considerable power of penetration even in hard soil. The apical 
bud is covered by white tough pointed scales forming a spearhead. On 
this bud reaching the surface the rhizome ceases to grow in length, the scale 
leaves which are exposed turn green and, instead of scale leaves, normal 
leaves are now developed. There is no further noticeable elongation of 
the axis until the formation of the inflorescence. At the junction of the 
normal leaves and the rhizome is formed a vswelling apparently comparable 
to that which forms between the mesocotyl and the sheath of the seedling 
and from which, as in the seedling, shoots and roots may develop. We shall 
use the term basal bulb for this swelling also (Plate VI, 2). From the other 
buds of the tuber, after the establishment of the aerial connection, any 
kind of shoot may be formed, and, from the nodes of the tuber, roots 
may also develop. 

In superficially placed tubers most of the buds may develop to form 
shoots. In deeply placed tubers usually only one makes the attempt, the 
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tuber apparently eoiiceutrating all its powers in making one supreme atteni|n; 
to get to tbe surface and not wasting material on several ascending organs. 

Tubers may be cut or scraped without damage to their germinatirig 
.powers. 

We hope that' the above details suiSce to give a working idea of th.e 
structure of this plant, which is in reality a colony of tubers connected by 
rhi^jomes, distributed through a considerable depth of soil and fed by a corn- 
paratively small number of aerial shoots (Plate IV). Any tuber and, in fact, 
any bud of any tuber is a potential colony, and sufiers not in the least by 
severance from its parent. The difficulties of eradicating such a plant already 
suggest themselves only too clearly. 

8. General Ecology of mimiiim L. 

Gypems fotundus i^ weed of cultivation, and is specially 

to be found in irrigated fields. Outside cultivated areas it is rare, and seems 
to be unable to stand up to the competition of other vegetation. This 
characteristic is utilised by the Gujarat farmers who occasionally allow a very 
badly infested field to go fallow for several years continuoiisiy. The other 
vegetation (mainly grass in the later years) ousts the lavala completely. 

We have not had the time nor the opportunity to study the various 
stages in such a succession, but this is obviously a most interesting subject 
of research. We mention later some experiments on the efiect of grass 
on lavala. Lavala does not grow in very salt land or in land which is 
inundated. On really salt land it is replaced by Cyperns Iceviguins and or 
really marshy land by other Cyperacea. Its drought-resisting powers are 
considerable, but we consider these as more clue to the disposition of its 
tubers than to any special xerophytic adaptations. 

The lavala plant in the Bombay Presidency flowers in July and August, 
(after the heavy rains of the first part of the monsoon), again in October aiu! 
again in February and March. These are the times of general flowering, but 
flowering may occur at any time. 

9. The Anatomy of Cyperus rotundus i. 

Plowman^ has clealt fully with the detailed anatomy of the whole order 
(Cyperacege), and mere is little left to be described. Sabnis^ gives anatomical 

1 Plowman, A. B. The Comimrative Anatomy and Phyiogeiiy of the Cyperacese. Ann, 
Bot XX, 1906. 

= Sabnis, T. S. The Physiological Anatomy of the Plants of the Indian Desert, Jour, of 
Ind. Bot, II, pp. 167—173, ,1921. 
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descriptions and illustrations. From our point of view tlic most im]'iortant 
organ for anatomical study is the tuber. 

Tuber Amiomy : — 

Fig. 2 shows the junction of a rhizome and a tuber. The rhizome is 
bounded externally by a much thickened epidermis. Within this is a starch 
containing cortex and a lignilied endodermis. In old and wiry rhizomes tlie 
endodermis is the outer la 5 '-er, the cortex and epidermis having disappeared. 
The endodermis is yellow in colour and contains a semi-vischl yellow fluid 
which does not give the reactions of tannin or suberin. The vascular bundles 
are normal and close set. 

The epidermis of the tuber is slightly sclerenchymatous and may be of 
more than one layer. Arising from irand the immediately underlying tis.sues 



Fio. 3. 


Vb=Vasoular bundle. Sol.^Sclerenohyma. 

Ep. = Epidermis. 

p==palisade. 


are the scale leaves. The bulk of the body of the tuber is a large-celled 
cortex and around tissue containing starch in excess. The ground tissue 
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between the *Yasciiiar bundles narrows do^vm as the stele approaches the 
rhizome and is continued in the rhizome as elongated thin walled cells between 
the xylein vessels. The endodermis is continuous throughout tuber and 
rliizonie. Eoots originate from a rhizogenous procambium just within the 
endodermis. In the axil of each scale leaf is a bud and figure 2 shows one of 
these in section in a growing condition with a branch of the vascular system 
connecting it up with the main system of the tuber. 

Scattered among the starch-containing cells of the ground tissue are 
isolated ceils containing granular protoplasmic sacs. Small refractive granules 
in these sacs are dissolved in ether. The substance appears to be of the 
nature of an essential oil or a resin, ■ 

In cuts on the surface of tubers we find a copious exudation of gum, 
accompanied with degeneration of starch in the cells abutting on the cut. 

Tubers exposed to the sun and -dried have almost empty cells in the 
cortex and ground ’tissue. Such starch grains as are found are yellowish in 
colour and reduced in size. 

Tubers exposed for a long time to the sun or exhausted by continued 
removal of the aerial shoots are reduced to the sclerenchymatous endodermis 
and the lignified elements of the stele. 

Lmf Anatomy 

The leaf has a strikingly large-celled cutinised upper epidermis which 
probably functions as a water storage tissue. The lower epidermis is insignifi- 
cant. There are no stomata in the upper epidermis. On the lower epidermis 
the stomata are found between the sclerenchymatous sheaths that accompany 
the vascular bundles. The stomata are present in the density of from 140 to 
370 per square millimeter in different parts of the leaf. The assimilating 
tissue is that round the vascular bundles. In other words the bundle sheaths 
are also the assimilating cells. 

The leaf is on the whole of a xerophytic type. 

RacMs of Inflorescence. 

Fig. 4 shows this in cross section. There is again a markedly cutinised 
epidermis. The superficial vascular bundles have an assimilating bundle 
sheath like those in the leaves. The deeper lying bundles are larger and 
of normal structure with sclerenchymatous sheaths. The ground tissue is 
parenchymatous. 
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No. of seeds per 
inflorescence 
1—100 
101—200 
201—300 
301—400 
401—500 
501—600 
601—700 
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The mean number of seeds per inflorescence is 220. The nature of the 
distribution is that of a skew frequency curve with the mode near the lower 
limit. The wide range of variation (actually from 10 to 607 seeds per inflores- 
cence) is presumably an indication of the wide range of conditions in which 
the plants lived. 

Taking fifty inflorescences per square yard (a quite moderate figure in an 
infested field) this would mean the production of 11,000 seeds per square yard 
or 53,900,000 seeds per acre, and that probably three times in the year. If all 
these seeds are viable, we have here a very effective means of propagation. 

The first tests of viability weie made in 1920. The seeds were placed in 
porcelain dishes on damp sand in a germinating box. From June 1920 till 
February 1921 these tests Avere repeated, but no germination resulted. We 
have not been able to determine the reason for this failure to germinate, unless 
it be that the seeds were not in contact with the sand, but only with the moist 
porcelain. 

The next tests were made in April 1921 with seeds collected in October- 
December 1920. These seeds were variously treated before being put to 
germinate. The treatments given being — 

1. Control... no treatment. 

2. Exposure daily to the sun for a month. 

3. Heating for three hours continuously at 124°F. (51°C.) in an oven, 

and cooling slowly. 

4. Heating as in (3) and cooling rapidly. 

5. Soaking the seeds in hot hydrochloric acid of ten per cent, strength 

for half an hour. 

6. Puncturing the seed coat by a needle. 

Fifty seeds were treated in each batch and were then put to germinate, ' 
twenty-five (of each fifty) in pots in the open and twenty-five in wet sand in 
petri dishes in a moist chamber in the laboratory. The seeds in the pots 
were sown one inch below the surface and the soil was watered daily. The 
air shade temperature maximum was 94°F. (34°C.). and the moist chamber 
temperature maximum 84®F. (29fC.). In the pots there was no germination 
visible in ten days (April 1st to 10th), but in the petri dishes germination 
occurred as follows : — 

Treatment Germination 

1 ' 5 

2 8 ; ■ ■ 

3 - ■ 18 ■ 

4 ■ . 10 ' 

5 8 

0 3 ' 



Table I 


Germination of seech of Lamia. 

Experiment to determine tlie effect of Iieat and rest. Heating was 
done in an oven at 139°E. (95'^C.) for one liour. 

No. of seeds in each test, 25. 

Time : — 12th to 30th April, 1921. 


No. 

Process 

In pots — soil tv 
deep, seeds 1" 
below the 

In moist chamber in 

PETRI DISHES ON MOIST 

SAND 



surface. Watered 
daily 

Germinated 

seeds 

Percentage 

I. 

Fresh seeds — 

None of these 




1. Unheated.. 

germinated 

6 

24 


2. Heated . . 

though watered 

10 

64 

II. 

Rest of one month — 

daily, till the 




1. UnheatecL. 

end of July 

8 

32 


2. Heated . . 

but all germi- 

17 

68 

III. 

Best of two months— 

nated in the 




1. Unheated.. 

rain y week 

5 

25 


2. Heated . . 

2l8t-31st July, 

15 

60 



1921 


1 

IV. 

Rest of four months — 

No record kept 

for number. 




1. Unheated.. 


20 

80 


2. Heated . . 





Seeds germi- 
nated ill tiie 
conditions of the 
moist elianiber. 
Heating appa- 
rently helps ger- 
mination. 


It will be noticed that the seeds heated in the oven germinated better 
than the others, treatment 3 giving a 72 per cent, germination. 

Another experiment, the method and results of which are recorded in 
Table I, was carried out from April 12th to 30th, 1921. The following 
interesting points emerge— 

(1) The heated seeds germinated better than the unheated. 

(2) The long rest apparently helped the germination of the seech 
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THE EBABICATIOH OF CYTERtTS EOTUNBUS L. 


SiBiiiltaiieoiisly with, this experimeixt in petri dishes a duplicate set was 
sown in pots, but these did not germinate until the very rainy period of July 
21st to 31st, 1921. The fact of their germination was then noted but no 
counts were made. These pots were watered daily but only the actual rains 
stimulated their germination. 

In another experiment seeds collected on March 2nd, 1921, were sown at 
once in pots. One pot was placed out in the sun and the other in the veranda 
sheltered both from rain and direct sunshine. The pot in the open was not 
watered, and that in the veranda was watered twice a week. In neither 
was there any germination until July 23rd, when germination began in both 
pots. Graph 1 shows the rainfall, humidity and maximum shade temperature 
at the time of these two last mentioned experiments. 

In December, 1921, the seeds from 100 inflorescences were sown in pots, 
one pot being devoted to the seeds of each inflorescence. These pots were not 
watered and were kept in the open. Germination began on July 4th, 1922. 
Graph 2 shows the rainfall, humidity and shade temperature at the time. 
During this period there was also copious germination of lavala seeds in the 
fields. The total number of seeds sown in this experiment was 22,086, but the 
average germination was only 1*5 per cent. The greatest percentage of 
germination from any single inflorescence was 8 per cent. Many of these 
seedlings withered. 

In November, 1922, there were unusual rains (Graph 3). During this 
period further germination took place in the above pots containing the seed 
of the 100 inflorescences. No exact counts were made, the amount of 
germination being small. Observation of germination in the field during the 
monsoon of 1923 generally corroborated the 1921-1922 observations. 

The above experiments lead us to the following conclusions : — 

(1) Soil moisture without atmospheric humidity will not cause 

germination. 

(2) In the field the rainy season is therefore the only one when much 

germination of seeds will occur. 

(3) Even in the rains the actual germination percentage is low, and 

many seedlings die. 

(4) Propagation by seeds is not therefore the main method of propaga- 

tion, but on account of the enormous total amount of seeds 
produced per acre, this method of propagation cannot be 
overlooked and must be checked by methods designed to 
eradicate this weed before it sets seed. 
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THE eradication oe cypeeus rotundus l. 


IV. Experiments in the propagation oe Gy ferns rotundus by 


Eecognising that tuber-propagation is the main method by which this 
weed spreads itself, we made a large number of experiments of various Hnds 
on the germination of the tubers and the after-growth of the shoots developed 
from germinated tubers. The general behaviour of the tuber in germination 
and of the shoots in after-growth have already been briefly described. Our 
experiments were designed to get the maximum amount of information regard- 
ing the life-cycle. 

Theexperimentsmaybebrieflyclassifiedas— 

(1) Experiments in the germination of isolated tubers, 

(а) of different ages, 

(б) dormant or sprouting, 

(c) at different depths in the soil. 

(2) Comparison of the germination of isolated and connected tubers. 


Exferiment I. 

On June 10th, 1920, five black dormant tubers and five white (fresh) 
dormant tubers were placed in a shallow dish with a little water. This dish 
was not covered and was kept in the laboratory. In five days all the tubers had 
slightly increased in size due to water absorption. The buds also were slightly 
swollen. During the next five days buds elongated to form green shoots. 
In all the fresh tubers and in all the black tubers in which the apical bud had 
not previously germinated, the apical bud was the first to sprout. Thereafter 
the other buds sprouted in acropetal .succession. The buds are conical and 
covered with pointed scale leaves. After the true leaves began to form 

adventitious roots arose from the base of the buds. 



Experiment II. 

On July 15th, 1920, ten do'rmant tubers were placed on top of moist sand 
exposed to light and ten were planted, one to three inches deep in'moist sand. 
Those on top behaved like the ones described in Experiment I, except that root 
production was more copious. All buds including those on the under side 
of the tubers produced shoots which were markedly negatively geotropic. 

Shoots from the tubers buried one inch deep appeared on the surface on 
July 20th. The more deeply buried ones showed shoots above the surface on 
July 25th. In all but two tubers only one bud had sprouted, this bud being 
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either the apical bud or, the one next to it. In two tubers two budn sprouted 
simultaneously. Root formation from the tuber nodes was (copious. The 
formation of the vertically growing rhizome between the tuber and the tuft of 
leaves, and the development of the swelling (basal bulb) attlie base of the tuft 
were first observed in this experiment. 

On July 25th 5 all ten buried tubers were dug out for examination, and 
five of these were replanted in sand and five in black soil on the same date. 
At this stage, in addition to the vertically growing rhizome ending in the tuft 
of leaves, some tubers had developed other rhizomes one or two inches long 
and certain of these were positively geotropic. At the time of replanting, 
these tubers were deliberately put in upside down. On August lOth, the 
plants were again dug out and re-examined. Some of the reversed rhizomes 
had once more turned down and some had not. Those which had turned 
down had each formed at their ends a white tuber covered with fibrous scales. 
The others had formed shoots on the surface. The plants in the black 
soil had leaves larger and of deeper green than those in the sand. All plants 
were replaced in the sand or soil and left undisturbed until December lOth, 
1920, when they were finally dug out. During their life-time they had been 
watered twice a week. Flowering took place in the second week of August. 
It is possible that the transplanting may have accelerated the flowering. All 
shoots in the sandy soil flowered, but only two in the black soil. In both 
soils, although watered, the aerial shoots died in September and October. In 
the second week of November the dormant tubers (both new and old), as also 
the aerial parts, began to sprout. 

When the plants were finally dug out the five tubers in the sand had 
increased to twenty and the five in the black soil to fifty. Those in the sand 
were more closely set than those in the black soil’ 


Experiment III, 

In a piece of unirrigated land on the College Farm, 300 dormant isolated 
tubers were planted in three lots of 100 each at three inches deep, with intervals 
of four inches each way, on August 10th, 1920. The tubers were not artificially 
watered but received 10*38 inches of rain during the experiment. Shoots 
appeared above ground from September 3rd, 1920. Some of these flowered 
and all began to wither by the beginning of December. The plants were 
removed carefully and studied for the sequence of tuber formation. Much 
of the morphological information recorded on page 309 was obtained from 
this planting. 
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Exfermient TV. 

On September 13th, 1920, a set of 100 dormant isolated tubers was planted 
at 6 inches deep and 4 inches interval in a plot similar to that of Experiment 
III. These received rainfall of 9-94 inches. Aerial shoots appeared from 
October 15th. The greater time for the appearance of these is probably caused 
by the greater depth of plantingu The plants were dug out on March 21st, 
1921. All aerial parts had by that time withered. Some tubers had remained 
dormant. Those- which germinated had all first produced the upward-growing 
rhizome ending in the leaves and thereafter tuber-forming rhizomes both 
from other buds of the original tuber and from the basal bulb. From both 
these places roots were also developed. One or two of the original tubers had 
become exposed and in their case all the buds sprouted to form shoots, without 
any downward-going rhizomes. 

These preliminary experiments give the following indications 

(1) x41I buds on a tuber have the power of germination. In exposed 

tubers all these may germinate and produce shoots. In buried 
tubers the apical one if present, if not, the next, and in some 
cases both, may germinate to produce the vertically growing 
rhizome ending in the tuft of leaves. In some cases the tuber 
may not germinate but remain dormant. 

(2) The time between the planting of the tuber and the appearance of 

the shoot above the soil is determined by the depth of planting 
of the tuber. 

(3) The time between the planting of a tuber and flowering may be in the 

case of the transplanted plants as short as one month. In the 
field up to two and a half months may elapse between planting 
a tuber and flowering. 

(4) The rate of increase of ‘^bers is considerable even in the unfavour- 

able conditions of the plants which were dug out to see how they 
were getting on. Plants in good soil develop longer rhizomes 
and more tubers than those in poor soil. 

Ex'penment V. 

Twelve big robust dormant tubers were planted 3 inches deep in pots 
in ordinary soil on June 15th, 1921, and finally dug out on August 29th, 1921. 
Between these dates they were dug out once a week to observe development 
and Table II shows the results. 
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Table II 


Experiment F. 

To study tuber developmeat. 

Tubers planted on June 15tli, 1921. Plants dug out on August 29t!i, 1921 


Germination 
of original 
tuber 


Formation of 
second new 
tuber 


Inception of the 
first new 
tuber 


Sprouting of the 
first new 
tuber 


Resiarks 


Flowered 20'.7.21 


Flowered 5-8-21, 


1 - 8-21 

(Sprouted with 
a tuberous 
swelling iieiir 
the side of 
the pot) 

25-7-21 
(2 W’-hite shoots 
one with a 
sprouting 
tuberous sw-elling) 


tubers, one 
sprouted) 


10 - 8-21 

(the discoiineeted 
tuber produced 
one downward 
branch) 


12 - 8 - 21 , 
(New tuber 
from parent 


l-S-21 

(dried) 
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The following facts appear : — 

(1) Out of the twelve tubers nine germinated within five days of 

planting and the average time was 6*25 days. 

(2) Two plants flowered 35 and 51 days respectively after flowering. 

(3) The average time for the inception of the first new tuber was 22*4 

days. 

(4) The average time after the inception of this tuber for it to sprout 

was 23*6 days. 

It will be particularly observed that there was little pause between the 
formation of a tuber and its further germination. This fact was confirmed by 
further pot experiments in which isolated white newly formed tubers were 
planted and germinated immediately, giving plants more vigorous in growth 
than those from old black tubers. 

Experiment VI. 

A. An experiment in planting chains of tubers in pots. 

Twelve pots were filled with earth and a small chain of three connected 
tubers planted in each. Four chains were planted horizontally, four vertically 
with the youngest tuber upward, and four diagonally across the pot of which 
two had the oldest tuber uppermost and two had the youngest tuber upper- 
most. 

In the horizontally placed chains the oldest tuber sprouted first. In the 
vertically placed chains the upper one sprouted first, the lowest remaining 
dormant or sprouting late. In those placed diagonally the two end tubers 
sprouted before the middle one. The position in the chain and the depth of 
planting seem to have therefore some effect on the germination. 

B. A similar experiment was started in the field with longer chains of 
tubers, planted so that the tubers were from 3 to 9 inches below the 
surface, and any existing aerial shoots in their normal position. These aerial 
shoots withered, and new shoots replaced them. Planting was done from 
September 25th to October 2nd, 1920. The rainfall during the experiment was 
8*30 inches. The new shoots finally withered in February 1921. An attempt 
was made to keep a record of the appearance of these shoots, but the record 
soon became unmanageable. On digging out the plants, however, some useful 
information was obtained, of which the following notes are given. 

(1) Eeplacement of the aerial parts after withering. 

The withering of the leaves may or may not mean the death of the terminal 
growing point. If this remains alive then when conditions are favourable it 
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may continue tlie formation of leaves as before. In addition^ since tlie actual 
attactmeiit of tlie aerial leaves to their stem is somewhat below tlie soib there 
may arise new shoots from the primordia .in the axils of these leaves and such 
may develop before the terminal growing point renews its growth, or in the 
event of, its death. Each such new shoot develops, its own basal bulb. 

New shoots may be formed by the production of a rhizome from the basal 
bnlb or from the vertically growing rhizome below the basal bulb whose leaves 
have died. These rhizomes make for the surface and there develop new 
leaves. The point of origin of such a new rhizome from the vertical rhizome 
of the original plant is sometimes marked by a swelling like an ineipieot 
tuber. 

(2) Water supply of the aerial parts. 

Adventitious roots are developed, as we have seen, from the basal bulb 
and also from the rhizome and tuber nodes. One case, however, was found in 
this experiment when there were no roots from the basal bulb and the aerial 
parts were apparently getting all their moisture from the roots of the tuber 
one foot below the surface. This is probably a normal occurrence when the 
surface soil dries out. 

(3) Efiect of cracks in the soil. 

The vertically growing rhizome normally drives its w^ay to the surface 
and there produces leaves. In very cracked soil if a vertical rhizome pierces a 
crack the stimulus of the light causes the leaves there to develop, but somewhat 
faultily, so that they emerge from the soil in a curiously twisted mamier. 

(4) Two curiosities, 

(а) One of these was a plant which had sent to the surface the normal 

vertical rhizome, and this had there formed shallowly placed 
tubers close together in quick succession, all of them showing 
traces of aerial leaves. 

(б) The other was a tuber which bore ten old leaves when planted. This 

tuber produced one more tuber which in turn developed one 
aerial shoot and six droppers. 

1. Experiments in Deep Planning of Tubers, 

From indications got in this and previous experiments it was decided to 
make a thorough test of the effect of depth of planting on tubers. These 
experiments are now recorded. 
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Experiment VII. 

An experiment in the planting of tubers at various depths. 

Three rows w'ere arranged each containing eight plots, each three feet 
square, and in each square plot were planted ten old dormant isolated tubers. 

Those in the first row were planted 2 ft., those in the second row 2^ ft. 
and those in the third row 3 ft. below the surface. The rainfall during the 
period of the experiment was S'SO inches. Table III shows the main results 
of the experiment as revealed when the plants arising from these tubers were 
dug out on the dates mentioned. 

The most salient fact in this experiment is that none of the tubers at 3 ft. 
deep were able to send their shoots to the sui-face. Of the 80 tubers in this 
.series only 2 were living at the end of the experiment, 32 w^ere recognisable but 
empty and shrivelled,' and the others (of which shreds were found) had so 
disintegrated as to be unrecognisable. 

The next noticeable point is the marked disadvantage of the plants at 
2* ft. as compared with those at 2 ft. This is clearly shown in the smaller 
number of tubers in the upper three inches, still more in the smaller number 
in the middle layers, and also in the smaller number of aerial shoots. 

Table III. 

Planting to the depths 24 and 30 inches on October 5th, 1920. Percentage of 
germination and density at various depths. (10 tubers in each square). 


Sq,. 

No. 

Depth of 
planting 
(20 tubers) 

Date of 
planting 

Dug out 
on 

Original tubers 

Shoots on the 
surface 

Total numbei 
of tubers in 
the first 

3 inches 

Living 

Sprout- 

ing 

1 

2 feet 

5-10-20 

5-7-21 

1 

1 

10 

6 

2 '■ 

99 

99 

99 

4 

4 

10 

15 

3 

99 

7-10-20 J 

7-7-21 

2 

2 

5 

7 

4 

■ 99 


8-7-21 

1 

1 

6 

8 

5 

99 


9-7-21 

4 

4 

5 

10 

6 

99 1 


10-7-21 

5 

5 

5 

5 

7' ■ 

-■99 ■ 

„ ■ 


5 

5 

5 

10 

8 

99 

99 

11-7-21 

4 

4 

10 

13 
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PLATE V, 


Two rhizomes take off directly from the middle vertically growing rhizome 
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Tubers. 

i 

i ■ ' i 

1 

3 feet 9-10-20 14-5-21 

8 

1 


2 '■ 


^ 6 



3 

16-5-21 

1 

1 ’ 


4 : 

20-5-21 

” i 

1 

3 


i ! 

. 6" 1 

6 

13-5-21 

9 




„ 12-5-21 

7 

j i \ 


8 

10-5-21 

1 

5 

1 ■ 



Toilil ninu'iMT 
of itllMjfS hi 
the first 
iriohos 


'2 near 
t!io siirfaia'* 

■ . 

(.2 basn.1 swf‘i lings 
and 1 liibor) 

(1 new tiibor 
whifdi soon <lirdi 
4 

(Basal swellings 
2 basal swellings 
and Z new tubers 
■ 4 

(Basal swellings) 
4 

(Basal swellings) 


three inches in 
?iny ca.se. , a.'nd 
no' shoots on 
surface. 


The following general observations arise from a stiidj' of tlie 2 it. and 

2 i ft. plantings. • i x i 

(a.) Tlie same three points of origin of tubers, as previously observed, 

were again in evidence, viz. _ _ • 

(i) tubers might arise from rhizomes originating from the basal^ bulb. 

(ii) tubers might arise from rhizomes originatmg directly Irom the 

vertically growing rhizome. (Plate IV.) In most cases sudi 
secondary rhizomes took off in the top three indies of soil. 

In both cases these rhizomes might grow definitely downward from the 
start, when they would be classed as droppers, but the ^rhizomes taking off 
directly from the vertically growing rhizome often grew horizontally. (Plate V.) 
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(h) Oace the originally planted tuber had establkhed its aerial connection 
it did not produce further shoots and left the production of new aerial parts 

to the younger portions of the colony. 

(c) ‘in one case a tuber planted at 21- ft. showed swellings, apparently 

incipient tubers, on the vertical rhizome. 

(d) Tubers, which either did not germinate or which had gerimnated and 
whose shoots had not reached the air, were either shrivelled and devoid of 
starch or dead although plump. The viability of these later was tested by 
re-sowing them in pots at a shallow depth and watering them. They did not 
germinate. When sown they possessed starch but two months later none 
could be recognised. Later experiments indicate that if the original buds of 

• the tuber are destroyed, adventitious buds are not formed and the tuber, 
though plump, does not germinate. 

It is obvious that such important indications as those given by the series 
of experiments just described had to be confirmed, and hence further experi- 
ments were laid out. These are now described in detail. 

Experiment VIII. 

On December 4th, 1920, a pit 3x3 ft. was dug out to determine the number 
of tubers per cubic unit of soil. At the time of refilling of the pit 28 old 
dormant tubers were placed at the bottom of the pit and earth, free of tubeis, 
filled in on top. The pit was again dug out on April 13th, 1921. No shoots 
had up to then appeared on the surface. There had been slight rains on 
January 15th and 16th and thunderstorms on April 3rd and 12th. The soil 
up to three inches deep was wet, then the layer up to 2^ ft. was dry and the 
last layer wherein lay the tubers was wet with a capillary moisture content of 
ten per cent, (calculated on the wet weight). Most of the tubers had produced 
upward growing rhizomes in an attempt to reach the surface. In seven cases 
these rhizomes showed tuberous swellings with developing buds, and in two 
cases typical tubers (not mere swellings) were produced. After an hour the 
tubers and their growths were returned to the pit and the earth filled in again. 
The pit was dug out for the second time on August 13th, 1921, after a total 
rainfall of 11-52 inches since the first excavation. No shoot had appeared on 
the surface, and al tubers, both the original ones and those formed later, had 
died. 

The following observations were made 

(a) Again the tubers planted thrw feet deep did not succeed in reaching 
the surface. In the present case their attempt was interrupted by the first 
digging. 
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(b) Again the terminal bud of the tuber sprouted to form tlie iijnvurd- 
growing rhizome. Other buds had sprouted later, possibly stimulated I pv the 
check to the first formed rhizome. No descending rhizomes were formed. 

(c) From this and other experiments we think we are safe in stating that 
a "tuber does not produce a descending rhizome irntil it has established its 
aerial connections. 

(d) Where the .growth of the apical bud of the vertical rhizome had been 
hindered by some hard object there was a tendency towards tuber tormation 
at the part in contact. 

(e) In growing through hard dry soil the \eitical rhizome liad a twisted 
appearance. 

(/) The younger parts of the vertical rhizome were anatomically complete, 
hut the older parts were bounded by the endodermis, all part.s external to it 

having decayed. ' . rxr 

Experiment IX. 

ThivS was coiicliicted as follows : — 

The soil of the plot was deep black and well aerated, having Jieeii tuice 
dug out in previous experiments. Eight row.s of eight squares uere .iiiangtd, 
each square being 3 X 3 ft. The depths of planting in the .successive rows 
were 3, 6, 9, 12, 18, 24, 30 and 36 .inches. Only four tuber.s were plantcl 
per square in order that they might make their maximnm growth, hach tuOei 
w^as planted in a separate hole haH an inch in diameter and the ]>i oper depth. 
This depth was checked by lowering the tuber at the end of a string of 
length. Even with this precaution, at the end of the experiment, 
nearer the surface in some cases than at the start of the experiment, ihis was 
due partly to washing of the soil and partly to the packing of the soil by the 

repeated trani])ling wliicli it received. « i . j. i 

The tubers were planted on July 20th, 1921. ^ Ihe first ^swoo^appcauc 
on August 15th, 1921 , and the plants were dug out in xiprd 192x i-ac i p an 
was carefnllv excavated, measurements and plottiiigs being made as. the work- 
advanced, ami the plants mounted as nearly as possible ^ 

and photographed afterwards. This experiment was one of the most ilium 

nating as to the method of gi'owth of the plant from tubers. 

The following are some observations. ■ 

(a) Germination. At, xi • +„ui^ 

Table IV shows how and when the shoots appeared. From this table 

it is clear that the depth 9 to 18 inches was a layer favourable for vigorom 
Growth of the parent tubers and the plants derived from them. By the enc 
of August all tlbens in the depths 3 to 12 inches had sprouted. The reduction 
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ill the germiiiatioB. percentage at the lower depths in this experiment and 
ill Expeiiinciit X is noticeable. The tubers in both expeiiments were brought 
from th(^ same area in the Empress Gardens, Poona. 

Table IV. 


Flaniing in holes at dijje/rmt depths on the Poona Agrimltuml College Famn 


Depth of 
pi; in ting 
in inches 

Tubers 

1 planted 

No. of 
shoots 

Tubers genniriated 

First appearance of 
shoots 

Date of 
final ob- 
servation 

3 

S2 

38 

28 1 Growth poor 

1 and less 

29 ) extensi^re 

15th August 

22-8-21 

(> 

32 

34 

19 th „ 


9 

32 

29 

30 1 Growth very 
15 > vigorous and 

29tli August 

20-10-21 

12 

32 

16 

30th „ 

1st week of September 


18 

32 

9 

9 5 extensive 


24 

32 

16 ! 

16 1 Growth poor 
4f and less 

2 J extensive 

Middle of September 

20-10-21 

30 

32 

4 i 

1st week of October 


36 

32 

■ 2 1 
. i 




Experiment X. 

This was to determine the germination and also the density of production 
of new tubers at different leYels. Twenty-four squares of one square metre were 
plotted in four rows of six squares each. The following -were the depths at 
which planting was done, three squares being devoted to each. depth: 3, 6, 
9, 12, 18, 24, 30 and 36 inches. Murum occurred at 18 inches and, in depths 
below this, the pit was, on refilling, filled with black soil. 4C0 tubers were planted 
regularly in each square at the depths mentioned. This experiment w^as carried 
out in Modi Bag, the fruit area of the College Farm. The tubers w^ere dug out of 
the highly infested area of the Empress Gardens, Poona, covered with moist 
earth. The tubers were w’ashed, dried with cloth and weighed. On placing 
ill the pits a little w^ater wus sprinkled on them and the earth then filled in. 
The earth was moderately packed but not rammed. The experiment started 
on 6th June, 1921, and the pits wem dug out finally from 13th to 21st October, 
1921 j wdien most of the aerial shoots w^ere withering. The rainfall before 
planting was 2*96 inches and during the experiment was 14*45 inches. 

Shoots began to appear first in the first week of August in the squares with 
12 inches deep planting. This w^as follow- ed by sprouting in the 18 and 24 inches 
squares, the latter in the last week of September. The squares with planting 
at 30 inches produced no aerial shoots till November. The 36 inches deep 
squares showed shoots on 28th and 29th of September, 192L 
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- Shoots ' from the 3, 6 and 9 inches squares liegaa to a|>|)t*ar frion the second 
week of September. The shoots were few and with a small number of leavers , 
The leaves ■ were narrow and not vigorous. These squan^s and also tlie 
inches squares (which had not then shown shoots) were left iiiidistiirhed until 
July 1922j when they were dtig out, having received 5*26 inches more rain. 

These results call for the following remarks 

(1) Poor germination at 3, 6 and 9 inches. 

This is directly contrary to the majority of our experiments witli planting 
at these depths. The only likely explanation is to be got from a piutisal of 
the rainfall and temperature graphs for the month of June (Graph 1). it 
will be observed that soil and air temperatures were high at the time of planting 
and again at the end of the month, and that with the exception of tlie liaif-iiicli 
rainfall on the 10th and 20th there was little precipitation. Tlie soil, moreover, 
was only moderately packed and not rammed and hence probably more 
conductive of heat. It is, therefore, possible that the dryness and heat of the 
period caused the lack of germination. This, however, is only suggested as 
the one explanation that at present appeals to us. All these s(:|iiares showed 
droppers which seldom penetrated below 18 inches. 

The 12 inches deep squares showed the best germination but even lieie 
the percentage of germination was low. 

In the 12, 18 and 24 inches squares the shoots after reaching the surface 
had produced tubers and chains of tubers in the 9 inches to 18 inches levels. 

Table V shows that the depth 9 to 18 inches was a layer favourable for the 
vigorous multiplication of tubers, and for the plants derived from them. By the 
first week of October all the tubers in thedejithsS to 12 inches had spiouted. 
The very great difference in germination percentage between the tubeis at 
these depths in this experiment and in the one immediately previous is notice- 
able. The tubers in both experiments were brought from the same area in the 
Empress Gardens, Poona. Both lots, however, were for all practical ])urposes 
alike in aualitv and kind. The difference in germination may be due to one or 
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Tlie low germination percentage at these depths again seems to indicate 
that some tubers are specially adapted to germinate at lower depths and that 
these are specially formed by the plant on deep “ droppers.” 

Table V. 


Planting tubers at different depths on July 6th, 1921. Germination of original 
tubers and density of new tubers at different levels. 


Row 

Quadrat 

No.' 

Dejith 

of 

planting 
400 
tubers 
in each 
quadrat 

No. of 
tubers 
germina- 
ted 

Total No. 1 
of new I 
tubers 
with 

average at 
each depth 

Density AT VARIOUS B33PTHS 

Surface 
to 6"' 

6"" to 9"" 

j 

9"" to 18"" 

i 

ilS"" to 24""' 

1 ■ 

L 

1 

3'' 

10 

i 

52 j 

[ 

10 

30 

10 

2 ■■ 


2 


23 

46 

^ 42 

7 

16 

20 

3 


3 


11 

291 

1 

4 

10 

15 

0 


4 

6" 

13 

53 

1 

6 

22 

24 

X 


0 


41 

78 ' 

[ d 2 • 

9 

29 ' , 

39 

1 


0 


35 

26 

1 

4 

8 ■ 

12 

.. 2 ' 

11. 

. . 7 . 


53 

146 


69 

33 • 

I ' 

■' ■ 18 ■’ 

i ' 


8 

,, 

2' 

26 

■69 

10 

: 3 ! 

13 

0 


9 

. ■■ 

' 5 

35 


9 

9 ■ ■ 

1 

! n . '1 

0 


10 

I ,12"' : ■ : 

130 

155 ' 


40 

40 . ! 

i 70 . i 

5 


11 


25 

55 

[87 

10 

10 

' ■ 25 - .'j 

0 


12 


43 

52. 


26 

5 

■ 20 • I 

! 1 ■ 

III. 

:■■■ .1 

13 

18"" 

30 

72) 


39 

20 

10 

1 , ' 3 


U 


■■ ■ 27 

48 > 57 

■ ■24'' 

16 

4 

4 


15 

5? 

9 

50 ! 

15 

10 

16 

1 - ^ ■ " 


i' ■ 16 : 1 

24"^ 

■ , 4 . ■ 

60] 


8 

10 

22 

20 


' 17 • - , 

iy 

' 4 ■ 

63 

•87 

4 

8 

25 

26 


18 


29 

138 J 


21 ^ 

6 ' 

■' 40 , 1 

71 

IV. 

19 

30"" 

12 

311 


15 

2 

10 ; 

4 


20 

■■ 

18 

' 50 

•32 

20 

4 

23 

3 


21 

>> 

■ 

lej 


10 

.. 0 'V 

6 

0 


22 

36"' 


sV 

4 

u- 0 

4 

0 


23 


3 

5 > 5 

3 

1 

1 

0 


24 


6'., 

2 1 

2 

, ■() . " 

0 

; 0 


Experiment XI. 

In- all the experiments about the germination of tubers buried to different 
depths^ recorded in the previous pages, the tubers were planted in pits. To 
locate more certainly the planted tubers both at time of planting and at time 
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of fliggio g out, two wooden boxes and one iron box were placed in a large pit 
dug in the Lavala Experiments Plot with wire floors at difterent dejiths. 

The boxes were 3 ft. X 3 ft. X 3 ft. and wire gauze pieces 3 ft. X 3 ft. were 
placed at every 6 inches depth on stretched wires. The meshes of the wire gauze 
allowed the rhizomes to pass through but hindered the shifting of the tubers. 

Each box was devoted to two deptEs. 

The following table gives the dates of idauting and the number of tubers 
planted at these depths. 

Date 27-7-23 I Wooden box 3' X 3' X 3' Five tnber.s planted at the 

deptli of G i tic lies 


10_7-23 hi Iron box 


X Tubers at the lower level. 
0 Tubers at the higher level 


and the soil was put in and 
e fitting the upper layers, 
boxes were finally dug out 
I was carefully removed and 

ith their subsequent growth tvere kept intact showing 

rs to various 


The tubers w'ere planted at their 
uniformly packed. The gauze was 
The boxes w'ere watered iu the beg 
from 20th November to 30th November. The soil 

the original tubers w_-- . - . .. . 

visibly the growth of the plants and the formation of tube: 

depths. ' 


.Depth of 
planting 


Tuber 

(i) Vei-tieal rhizoinc with no new 

growth. 

(ii) Empty. 

(iii) Vertical rhizome with a 

spriniting tuber in the axil 
of the swollen shoot. 

(iv) Vertical rhizome and a chain 

of two tubers horizontal to 
the^ depth of U inches. 

(v) Not found. 



Tubers 

pl^inted 


Germinated 


TH.E EEABICATION OF CtPERtlS ROTtTNBUS L. 


Original 
No. of 
tubers 


Deptii of 
planting 


Germinated Emx>ty 


Emx)ty. 

Two vertical shoots one with 
a swelling at 6"' depth with 
a horizontal rhizome with a 
tuber and one ascending 
rhizome with a tuber. 

One vertical shoot with a 
dropj)er of one tuber to the 
depth of T|- ft. 

Vertical rhizome with a new 
shoot at the surface. 

Empty. 


(i) One vertical rhizome. Another vertical rhizome 

with two tubers at 20-18 inches. 

(ii) A horizontal chain of two tubers, the middle one 

producing a vertical shoot. 

(hi) Empty. 

(iv) One vertical shoot with two tubers near the 

surface, the middle one sprouting. 

(v) Remarkable growth — straight vertical rhizome 

with a swelling at 9 inches. A dropper of S 
tubers from the original, the middle of the three 
producing two tubers on a horizontal chain at 
30'^ The first of this growth sending a ver- 
tical rhizomcj straight to the surface forming 
a shoot. 


Tuber 


Details 


(i) One vertical rhizome swelling at 9 inches pro- 

ducing one more shoot. Horizontal chain at 
18 inches with 2 tubers, the middle one pro- 
ducing a vertical rhizome with a tuber at 16 
inches. 

(ii) One vertical rhizome with a swelling at 12 inches. 

One horizontal chain at 18 inches with one tuber 
which produced four tubers in the layer 18'^' -24", 
one of which again sent a rhizome reaching 
the surface. 

(iii) A vertical rhizome and a dropper with a tuber 

at 24 inches. 

(iv) A vertical rhizome. 

(v) A vertical rhizome with a swelling at 12 inches 

producing a horizontal chain of 12 inches. 
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Box III 

Total 

planted 

! 

Germinated ! 

1 

i 

1 

Empty j 

1 

Detaiijri 



i 


Tuber 

30" 

, 5 

2 

. ' ■ 'I 

^ 3 

(i) Empty. 

(ii) Vertical rhizome. Xev shoot at 

the 80 i’faee. 

(lii) Empty. 

(iv) Empty. 

(t) Vertical rhizome with a swelling 
near surface. 

30" 

5 

t 

1 

2 empty 

2 in shrivel!e<i 

bits. 

(i) Verticfd rhizome with a tuberooss 
j swelling at 0 inches witli roots 

j jiTifl on<‘ slioot. 


The following table gives the number of shoots and tiibers ionried from 
each box : — 


J3ei"Th Tubers Shoots 
Originid New 

r 5 :i 3 

1' fi 3 4 

14' 5 s S 

2' 5 11 "J 

24' 3 12 

3 ' 5 1 1 

30 27 25 

It 5 vas not easy to take photographs of the growth in the three dimensions 

and the boxes were placed in the museum. i,. 3 xn 

This experiment gave visible evidence and corroborated the results ot le 
fat e,pe,imente about the getmination of the tubeM aod their eubseqomt 

growth and the optimum depth of tuber formation. 

2. Experiments in (lalnaging the tubers. 

The next series of experiments deal with the effect of various operations 
on the tuber. These were cutting, scraping and exposure to sun heat and oven 
heat. The ulterior aim of these experiments was to get information as to the 
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probable behaviour of tubers injured or exposed by implements in the eounse 
of field cultivation. 

Experimerd XU. By Wounding. 

Two white tubers were cut into four pieces and planted one inch, deep in 
pots on February 7, 1921. All pieces germinated on February 21. 

Two wFite tubers were scraped so that all tissue outside the cortex w^as 
removed. These w'ere planted on February 7 and germinated on March 8. 

Two black tubers were scraped and quartered, and planted on February 7. 
These germinated on March 2. 

Two black tubers \vere scraped and planted on February 7. These 
germinated on February 16. 

All the above were watered twice a week. These results were confirmed 
by a similar experiment in .August 1922. 

Experiment XIIL 

Tubers were also damaged artfficially by pricking and cutting (without 
actually severing the parts) and then planted. Such wmunds are often blocked 
by gum produced by the tuber. Wounded tubers kept in the sun or in an 
oven at 98®F. (37®C) for seven days did not germinate. This was probably the 
effect of the temperature, as we shall show later. Of tubers merely wounded 
and not exposed to high temperatures the majority germinated. 

In tissue near a wound the cells are full of a yellowish fluid and the cells 
next to these have starch grains degenerating in size and number. The fluid 
in these cells gives no reaction with hsematoxylin, eosin, acid fuchsin, or 
safranin. Methyl green stains it slightly. The fluid may possibly be degenera- 
ted starch. 

We may conclude therefore that damage by implements even if consider* 
able (to the extent of peeling the tubers and of quartering them) is not likely to 
interfere with their germination. It may also be pointed out that such 
damage is likely to be on the whole rare, because of the small size of the tuber 
as compared with the blade or share of any implement, and because of the 
protection afforded by the earth. 

Experiment XIV . By Exposure, 

Tubers collected in the first week of December 1920, were |)ut out in the 
sun daily from 10 a.m. to 6 p.m. until February 1, 1921, when ten of them 
were put to germinate in black soil in pots. Another ten Avere kei)t in the 
sun till March 2 and similarly planted. Both pots were watered daily. 

None of the tubers germinated. 



RANADE AxN’D BOENS 


137 


Experiment XV. 

On May 6, 1921, four lots of 20 tubers were used. Each lot was Inuieil 
three inches deep in dry soil in pots and the jxits exposed to the .sun on the 
College veranda. 

The result is shown in Table VI. Again none, of the tubers germinated. 
Table VII gives the details of another series. 

Table VI. 


Effect of exposing [mala tubers to xtiitiighl. 



Exposed 

Exjiosed 


.Lot No. 

-Erom 

To 

for days 


I . , 

11 .. 

Ill .. 

"IV . . 

6th Mfiy 

14th .\Ifi v. 1«21 
20th 

27th 

10th .lune, 1921 

s 

■ 14 1 

21 

40 

1 All (»f those faihdl to LUTniinaO- 
1 though Wijti'i’cd (’Very day 
; after planting iu good black 

1 soil. 


Table VII. 

Effects of exposing lavah tubers to sunlight. 


Exposure started 

Weight of 20 tubers ) Before exposure 
ill gram. I After exposure 

Loss of weight 
Percentage of loss 
Exposed for days . • • • 

Rains in inches during exposure , . 
Planted (to test effects of exposure) on 
Germination 


Lot 

Lot 1 

. [.i<)t 


No. I 

Ko. II ’ 

No. Ill ^ 

No. .i'V 

30-5-21 

30 5 -21 

. 

30- -5 -2 i 

30 -5 21 

17 

15 

20 

17 


. .7 ' 

7 

ii 

11 '5 

. ■ 8 ^ I 

13 

i ^ 

67*0 

.. 53*:i ^ 

■ . 65 

64*7^ 

11 

15 

24 

m 

0*725 ■ 

■" 0*915 ■ 

j 1*295 

1*295 

U -6 21 

16-0-21 

1 24-6-21 

30-6-21 

0 

0 

i . i} 

i> 

i 


XV L 

A field experiment wag now arranged. A piece of groun.l wh« laid.mt in 

twelve plots of a square metre each (four rows of three plots each). In each 

square plot 400 tubers were planted. In the first row these tubers were lard 
on the surface of the soil. In the second row they were buried three inches 
deep in the dry soil. In the third row the tubers were placed on the surface, 
but 20 litres of water was sprinkled on them and on the soil at the time of 
planting' In' the fourth the tubers were planted three inches deep and 20 
litres of water sprinkle.! over them at the time of i.lantingand before the 
addition of the top three inches of dry earth. 
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The total water contents of the soil layers on wliich the tubers rested was 
determined before the sprinkling of the water. The water content in each 
ease was — 


Row 


I 

II 

III 

IV 


2*38 per cent. 
7*38 „ 

3*62 
6*30 


.It will be seen that the soil was very dry, as one would expect at the end 
of the hot weather. Such soil should theoretically be a good absorber Oi 
moisture and a good conductor of heat. The first rains came on June S, 192L 
By June 15 (20 days after planting) the rain-fall amounted to 0*915 inches. 
The tubers, therefore, had been exposed before the first rains to eight days 
continuous sunshine. Shoots appeared in the foiiith row but not in the 
others by June 15 and this condition of things continued throughout the 
months of June and July in which there were 25 rainy and 3,6 sunny days. 
The term rainy day means a day in which there 'was any rain whatever. Of 
continuous rain there w^ere only 17 days in the two months. The plots were 
allowed to remain undivsturbed till September 20, 1921, up to which date they 
had received a rainfall of 13*21 inches. There was still no germination in rows 
I, II and III. The ground sloped slightly towards plot 12, the last plot of row 
IV, while plot 11 w*as well drained. Kow IV was dug out on September 20 
and the tubers from the other plots collected and weighed. Table VIII shows 
the results. 

Table VIIL 


Experiment XVI in exposing tubers to sunlight. 
Results of Row No. IV. 



Quadrat No. 


Totaiv 






10 

11 

12. 

, 

Number of tubers .. . . 

400 

400 

400 

1,2<M) 

Planted on . . • - . * 

26-5-21 

26-5-21 

26-5-21 


Dug out on . . ’ . . 

21-9-21 

22-9-21 

22-9-21 


Number of tubers : — 





Dormant — Empty 

: 148 ■ 

194 

116 

458 

„ Normal ‘ ,. 

,0 

9 

58 

67 

Germinated ., .. 

1 '■ 45 

16 

; 155 

216 

New tubers . . . . * • 

240', 

, 41 

251 

511 

No. of shoots on the surface . . 

1 126 

, 45 

261 

432 


Note. Of the original 1,200 tubers in this row only IS per cent, germinated, 5*5 per cent, 
failed to germinate, 38*16 per cent, were empty of contents and of the remaining 38*34 per cent, 
no trace was found. Nevertheless 18 per cent, (216 tubers) which germinated during three 
months of the favourable season produced additional (541) new tubers . Thus in place of 
the original 1,200 tubers, 824 tubers (68*6 per cent.) were foxmd at the end of the experiment. 
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This experiment indicates — 

(1) the amazing efficiency of an eight-day exposure to the May sun even 

at a depth of three inches in dry soil ; 

(2) the way in which a moist soil layer at three inches deep keeps the 

tubers alive; 

(3) the speed with which tubers multiply again. 


Experiment XV I L 

This experiment was laid out in the same way as the last with the following 
modifications. 

(1) Soil moisture determination was done both before and after the 
experiment. 

(2) In Eows III and IV soil moisture determination was in addition done 
both before and after the sprinkling of water at the beginning and after the 
draining off of surplus water at the end of the experiment. 

(3) Ten litres of water was used for sprinkling each square instead of 20. 

(4) 200 tubers per plot were used instead of 400. Only new tubers at the 
ends of rhizomes were used. The expeiiment was started on November 9, 1921. 


III before watering 
after „ 

IV before „ 


Soil moisture percentages at the end of the experiment on December 28, 
- were - 


Total ..48 
or 8 per cent. 
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Rows I to III were left imtouclied till January 6, 1922, but there was no 
germination in them. 

This experiment confirmed the effectiveness of exposure. 


Experinwnt XVIII. 

In the May experiment the maximum temperatures of the atmosphere, 
surface of the soil and soil layer three inches deep were 108°, HI® and 117°F. 
(i e 42° 44° and 47°0. respectively). In the November experiment the same 
sites had the maxima of 101°, 105° and99°F. (i.e., 38°, 41° and 37°C. respec- 
tively). In order to determine in controlled conditions the degree and duration 
of temperature necessary to destroy the life of the tubers a preliminary experi- 
ment was arranged. The range of temperature was 34° to 49°C., i.e., 91° to 
]20°F. and the duration ten minutes to seven hours. Heating w'as done in a 
steam' oven. The tubers thus heated were planted in soil at three inches deep 
and watered. Most of these germinated. The loss of weight due to this 
artificial heating was 16-8 per cent. In the field experiments the heating was 
for several days and the loss in weight up to 50 per cent. 

Details of the method are these. Lots of ten tubers were placed in paper 
bags and kept at a constant temperature in the oven for the time required. 
After heating they were weighed and after one day in wet soil they were again 
iveighed to find out how' much water they had reabsorbed. It was found out 
that they made up their original weight and in many cases exceeded it. 
Details are given in the Appendix. 

If we consider the first case in which the tuber has not absorbed up to 
its original weight (ten minutes exposure 98°F. (37°C.) ) we find that there was 
no germination. In the next case of the kind, however (one hour exposure 
at ]09°F., i.e., 43°C.), seven out of the ten tubers germinated. The same is 
the case L 3o’ minutes at n5°F. (46°C.). In the case of one hour exposure at 
1]9°F. (48°C.), ivhere the tubers had not absorbed up to their original weight 
the germination was eight out of ten. In the case of 1 15°F.^ (46°C.) there is a 
loss at all durations except the four hour one where the gain is very small, and 
a much reduced germination. At 121°F. (49°C.) there is a loss on the original 
weight in three out of five cases, but the germination is much better. From 
these figures it is plain that one cannot yet come to definite conclusions as to 
the relation of desiccation to germination. There is, nevertheless, noticeable 
a tendency, as the temperatures and durations increase, for the desiccation to 
advance to such an extent that tubers do not make up their original weight 
after one day in moist soil* 
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Experiment XIX. 

Armed with the above experience we now planned another experiment 
in artificial heating. Healthy plump tubers from the Empress Garden were 
used. These were divided into four lots of ten each, and each lot duplicated. 
One lot of ten of each pair was exposed in a shallow paper dish and the duplicate 
lot in a similar dish but just covered with dry earth. The temperature of the 
oven was 104°E. (40'^C.) all the time and the four lots were heated for three, 
seven, eight and fourteen days respectively. The tubers were weighed before 
and after the heating, then placed in wet blotting paper for a day to measure 
the amount of water reabsorbed, planted two inches deep in soil and watered 
to test germination. Heating began on March 20, 1923, and continued till 
April 4, 1923. Germination was watched till July 2, 1923. For actual 
weight, etc,, see the Appendix. 

' The main results were — The percentage of loss of weight increased with 
the period of exposure and the losses are greater in the series simply exposed 
in paper dishes than in those exposed in an earth layer. 

The reabsorption of water from blotting paper was inversely proportional 
to the time of heating. Taking both series (open dishes and earth layer) the 
average of the amount by which the tubers failed to make up their original 
weights was 20 per cent. 

The germination results show clearly that in spite of these losses, heating 
up to eight days by no means destroyed the vitality of the tubers, while 
heating up to fourteen days was completely destructive. 


Experiment XX. 

Still another experiment of the same type was designed to confirm the 
effects of long exposure to artificial heat. Four lots of ten tubers, again 
duplicated and again similarly exposed, w^ere put in the oven at the same 
temperature, this time for fifteen days. Heating began on April 6 and ended 
on April 20, germination being studied up till July 2. The average deficit 
of reabsorption for both series w^as 35*1 per cent, and only one out of eighty 
tubers germinated, this being one from a paper dish without earth. For 
details, see the Appendix. 

Experirfient XXL 

We now returned to the open field for a last confirmatory experiment. 
The maximum temperature of the earth in March 1923 being 104®F. {40°C.) 
the same as the oven, we exposed four lots of 25 tubers in pots, one lot on the 
surface of dry earth, one lot on the surface of wet earth, one lot two inches deep 
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ill dry earth and one lot two inches deep in wet earth. Weights of tubers 
were again determined before and after exposure. Exposure without moisture 
lasted only for five days, for there was rain on March 24 and 26 and the 
pots got a total of 0*16 rain on these two days. Conditions, therefore, rather 
favoured the germination of the tubers. Nevertheless the tubers fully exposed' 
on the surface of dry soil had all been killed, and the germination of all except 
the last pot was unsatisfactory. In the last pot the germination was 92 per 
cent, indicating the considerable advantage derived from the originally wet 
seedbed. 

SuMxWARY^. 

Summing up all these exposure experiments we see that a temperature of 
104°F. (40°C.) in an incubator has to be applied for fourteen days to be effective. 
The same temperature in the field, where tubers are either exposed to the 
sun or are not deeper than three inches in dry earth, is effective within eight 
days. This is another important indication for our guidance in dealing with 
the plant and suggests the need for some agiicultural operation which will 
bring the maximum amount of tubers to the surface in the hottest part of the 
year. 

3. Experiments on the effect of spmymg mrions ' chemicals. 

Experiment XXI L 

Since spraying with copper sulphate and other chemicals has been found 
effective in killing certain other weeds, experiments were designed to test the 
effect of such spraying on the lavala weed. 

These were first done in two w-ays, (1) by watering plants grown iii pots, 
(2) by mixing the chemical with the soil and then planting tubers in the soil. 

(1) Watering plants in pots. 

The chemicals used were common salt, quicklinie, magneshim sulphate, 
ferrous sulphate, copper sulphate. These chemicals were administered in 
2, 4, 6, 8 and 10 per cent, solution strengths. There were for each treatment 
two series of pots, one with single tubers and one wfitli chains of tubers. Two 
pots with single tubers and two with chains, a total of 20 pots for each cliemical. 

.The pots were filled with good river soil on June 21, 1921, and the 
tubers and chains of tubers (wdiole systems with the aerial slioots) were planted 
on. June 22 and 23. The plants were watered with ordinary water till 
June 27. 

On tliat date two and a half litres of the solutions were };()ure(l on to the 
soil in each pot after stirring the soih The pots were kej)t under obser\'alion 
till July 27. During this period they received 7*27 indies rain. 
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m 

Tile results were as follows : — 

Common salt: — All pots showed caked and cracked surface soil. All 
shoots withered, but those from plants in the pots treated with 2, 4 and 6 j cr 
cent, solutions revived, producing ne^v leaves. Unsproutcd tiibeis (wlullier 
solitary or in chains) remained dormant till the third week. Tlien all the tiibcis 
in the 2 and 4 per cent, pots sprouted, but in the 6 to 10 per cent, pots only 
two or three tubers sprouted. In the 10 percent, pot the few tubers that 
sprouted did not survive. 

Quicklime (slaked) : — This liquid was added to the soil when c'uoL Idiere 
was no evil effect on either shoots or tubers. All the solitary tubers s])iouted. 

Magnesium sulphate The effect was stimulation of growth. The 
solitary and chain tubers sprouted. The shoots \vere deep green and flowered 
early and profusely. 

Ferrous sulphate : — The shoots turned yellowish and sickly in the first 
week and later revived. 

Copper sulphate : — The shoots turned yellowish and sickly during the 
first week. ^ The plants treated with 2 and 4 per cent, solutions revived in the 
second week. The plants with the 6 to 8 per cent, treatment survived till 
nearly the end of the experiment and then died. The plants under the 
10 per cent, treatment died at the beginning of the experiment. Tuber 
germination was delayed till the third week^ but few of the shoots survived 
in any strength of treatment. 

(2) Pots with chemicals added previously to the soil. 

The soil in the pots w^as wet with rain. The moisture was determined 
and the amount of chemical added so as to be a percentage of the dry weight 
of the soil. The actual percentages w^ere close to 2, 4, 6, 8 and 10 of the dry 
weight of the soil in each pot. The same series w’'ere employed (solitary tubers 
and tubers in chains with the aerial parts intact). Planting was done on 
July 27. The plants were observed for a month during which 3-71 inches 
of rain fell. The effects were similar to those in the first experiment but were 
more severe in the case of common salt and copper sulphate. The lime and 
the magnesium sulphate had no evil effects. In the ferrous sulphate pot the 
tubers germinated but withered in the second week. In the copper sulphate 
pots all the tubers sprouted in the third w’^eek but withered in spite of the 
rain. 

(3) On the basis of these indications 3x3 ft. quadrats of lavala infested 
soil were sprayed as follows: — 

One with 2 per cent, common salt, one with 2 per cent, copper sulphate, 
one with hot water and one kept as a control. The hot water treatment was 

4r 
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supposed to be mth boiling water. By the time the water reached the plants 
however, the temperature had fallen to about 62®C. Hence so far as tempera- 
ture went the treatment was useless. The treatment, however, was continued 
to the begiiming of May 1922. The other treatments started on November 
1921 and continued till October 1922 twice a week, being 100 applications in 
all. 

The area between the quadrats was numbered and dug up and the 
number of tubers in each section counted. This indicated the tuber popula- 
tion per 27 cubic ft. to be 875, a high figure. 

The soil was put back into the trenches, but the tubers were not put 
back. The idea was to keep the quadrats free from encroachment from 
outside tubers. 

The countings showed the decrease of tubers as one goes deeper into the 
soil and also that there are many more tubers than shoots. 

Method : — Each quadrat was sprayed twice a week with a 2 per cent, 
solution of the chemical. 

Spraying was done from 25th November, 1921. After the 46th spraying 
the shoots in all the quadrats were counted at the time of each spraying and 
the result is shown in Graph 4. The greater efliciency of the common salt is 
clearly shown. It is also observable that the number of shoots in all plots 
markedly decreases after the rains. 

After the 67th spraying the soil at various depths in the salt si)rayed 
quadrat was analysed with the following result. 


Table IX. 
Soil samples. 



I 

11 

Hi : 

1 ' ' * 

:iv 

Beptli 

Ohertiical common -salt 

V77 

6^ - 12'" 

0-53 

per ( 

12^ - IS'" 

0-046 

1 'i 

ient, 1 

18" - 24" 

0*046 


From these same four depths and from this quadrat four pots were filled 
with soil and in each pot 50 seeds of jowar {Andropogon Sorghum) and five 
lavala tubers were planted to test the growth of these plants in the soil which 
had been subjected to the spraying. The Jowar in all the pots germinated. 
In pots 1, 3 and 4 the seedlings were sickly, but in pot 3 they improved after- 
wards and produced plants three feet high which headed out. Pots 1 and 4 
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(lid not produce earheacls. Pot 2 produced healthy plants which lieaded. 
These pots were watered daily. There was therefore probably washing out of 
t1)e salt. Even with this, liowever, the surface layer seems to have had too 
much salt for the health of the jowar. The poor growth from pot 4 may 
possibly be explained by the fact that this was subsoil. In addition, 100 jowar 
seeds were" planted on the remaining undisturbed part of the salt-sprayed 
quadrat and allowed to get the rain (from 20th July, 1922). The seeds 
germinated but withered, and only three seedlings on the border where 
j)resumably there w^rs less salt grew three feet tall and headed out. The 
indications are that the surface soil was too salt for the growth of jowar. 

The lavala tubers in the pots first mentioned all germinated. 

One-fourth of the quadrat was then dug out and the total number of 
tubers found was 121. The distribution was as follows : — 


Table X. 

Quadrat 11 (Salt), xirea (2*25 sq.ft.) 


Depth 

O'" - ij" 

(r - 12'" 

12" - IS" 18" - 24" , 

Total 

Tubers 

12 

3S 

61 10 

121 


Five healthy-looking tubers from each depth were selected and planted 
in good soil in pots on 20th July, 1922. All failed to germinate except three 
from the lowest layer. The others on 20th August, 1922 were found to be 
shrivelled. Treating with 2 per cent, salt, therefore, seems to be effective in 
killing the shoots and the tubers in the upper layers, but it does not bill the 
tubers which are deeper and it renders the upper layer of soil unfit for 
jowar. 

The application of chemicals was stopped after the 100th spraying 
(20th October, 1922). During the period from that date to 14th Kovember, 
1922, there was an increase in the number of shoots in the salt plot. 
This was found to be due to invasion from the control plot, the rhizomes 
having crossed the previously dug out and refilled trench. The remaining 
three-fourths of the salt plot were dug^out on 14th November, 1922, and in 
the first foot were found 40^ shrivelled and 30 ])himp tubers, in the secojid 
20 shrivelled and ten l>Iump tubers. The plump tubers were all transplanted 
into good soil the same day in Modi Bag. Only two tubers from the first 
foot and three from the second foot germinated within a week. The others 
failed to germinate. 
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In tlie copper sulphate plot tlie cliemical seemed to Ivill the foliage (which 
was to be expected) as the leaves were made to turn yellow, Imt these were 
constantly replaced by new leaves and new shoots. The whole quadrat 
was dug out on 17th October, 1922 wdth the followdng result : — 

Table XI. 

Chemical GuSo^,. 


4. Experiments in repeated removal of the shoots. 

The next series of experiments deals with the effect on the tuber of 
repeated removal of the aerial parts. Such removal of aerial parts is all 
that occurs in ordinary hand-weeding and in a good deal of weeding by 
implements, hence it was necessary to determine the effect of such removal. 
Theoretically, if one could continuously remove all leaves as they appeared 
one ought to be able to exhaust the reserves of food in the tubers. 

Ex2)eriment XXIIL 

A single tuber freshly dug out W’-as soaked in water for 24 hours and 
planted two inches deep in black soil in a pot on June 1, 1920. This tuber 
when dug out weighed 0’87 grm. and after soaking 0*92 grm. The shoot 
was cut off at intervals by a pair of scissors as close to the soil as possible. 
The dates of cutting and number of intervening days were as folio w^s : — 

Date of cutting Interval in days 

11 - 6-20 10 , 

3-7-20 23 

2-8-20 20 

11-10-20 (last slioot) 105 

20-12-20 (no shoots) tuber dug out. 

The plant throughout the experiment was watered twdce a w^eek. 

The tuber when dug out weighed only 0*32 grm. It was shrivelled, 
only the outer skin and the wood fibres being left. It is remarkable that 
although the plant was not allow^ed to develop its shoot the tuber took five 
and a half months to die. The tuber lay dormant for a long time before 


Depth . . 

6" - 6'^ 

6^' - U'' 

12'”' - 24-^ 

Tubers . . 

248 

392 

45 
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moxe tliau six successive attempts at slioot production. ^ After three moiitks 
no' shoots appeared. The pots were kept under observation till June 11 , 1922, 
l^en all blie tubers were dug out. Eleven tubers were in shreds and dhe 
other thirteen hollow and without starch. There had been no production of 


new tubers, 


Table XII. 


Effeci- of freqmntly culling ojf the aerial shoot produced from the Lmala tuber. 
Experiment Bte'ted on lltJi Jiiiie, .1921 
ended on 11th June, 1922* 



Taljer No* 

j 

i 

Label No. 

No. of 
shoots cut 
at a time 

1 


ft. » 

37 

9 

2 



38 ' , 

1 

1 

1 





i ' 

1 

3 ■ 



30--'- ' ■ 

i 

I 



40 

1 

1 

2 

5 



41 

1 

l.„ 

1 

3 



42 

1 

2 

1 

1 

■ ■ .7 



43 

2 

' " ' 2 ■ 

s 



44 

i : 

■ 2 ■ 





i 

9 




1 

1 

10' 


-X, 

40 

2 ■' 

1 

* 1 

: “ :fr 

!?v; .'Ni 



1 





1 


1 

Bate o.f ’ 
cutting 

InterTal | 
between | 
two 

euttina's 

(Days) 

1 

Original | 
weight -of... j 
tuber ' 1 

Final 
/weight 
of tuber 

i 

[ 

■ Grin, 

. Gmn 

20-6-21 

9 

1-070 „ 

0*120 

29-6-21 

■ 9 " 



13-7-21 

,16. ' 



18-6-21 

7 

1-050 

,'0*257 

27-6-21 

16 



0-7-21 

9 



22-8-21 - 

. 47 



27-6-21 

10 

„■ • ' 0*837 ; ' 

■":-0*ll3 

. 6-7-21 

9 ■ 



23-7-21 ' 

17' 



20-6-21'' 
a-r a i>’} 


1*055 

0*807 

■Z i — U--Z .1 

6-7-21 

i 

9 



lS-6-21 i 

7 

1*104 

Shreds* 

27-6-21 : 

■ !)■ 



4-7-21 




18-6 ~21 


1-052 


27-6-21 

0 



4-7-21 

/ 



18-6-21 

'"7 ■ .. 

0-905 

i'. 

j. ■ fp ' 

23-7-21 

35 



2:1-6-21 

12 

1 -050 


4-7-21 

11. 



23-7-21 

19 



18-6-21 

7 

0*950 

19 ' 

27-6-21 

9 



4-7-21 

1 



. 18-6-21 

. ^ 7 

0*870 

; ' , '0*529, 

23-6-21 

''' . 5 .' 



29-6-21 

6 
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Table XII — contd. 


A 

r 


Tuber No. 


11 _ 

n , 

13 

u 

15 

16 

17 

18 

19 

20 

21 

22 

23 

, ,V24', 


Label No. 


48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


No. of 
shoots cut 
at a time 


Bate of 
cutting 


2 

1 

1 

1 

2 

2 

1 

1 

1 

2 

1 

1 


20 - 6--21 

27-6-21 

19-8-21 

18-6-21 

27-6-21 

4-7-21 

18-7-21 

18-6-21 

26-6-21 

23-6-21 

4-7-21 

18-7-21 


Interval 

between 

two 

cuttings 

(Bays) 


No shoot was found. 
2 I 18—6—21 


2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


18-6-21 

29-6-21 

13-8-21 

2-9-21 

18-6-21 

16-6-21 

18—6—21 ! 
27-6-21 
6-7-21 

18-6-21 

27- 6-21 

15- 7-21 

28- 7-21 

27-6-21 

12-7-21 

10 - 8-21 

29- 8-21 

16- 6-21 
23-6-21 

18-6-21 

27-6-21 


53 

.7 

9 

7 

14 

7 

9 

12 

11 

14 

Tubers 

7 

7 

11 

45 

20 


7 

9 

9 

7 

9 

18 

13 

16 

15 

29 

19 

5 

7 

7 

9 


Ongiiial 
weight of 
tuber 


E’inai 
weight 
of tuber 


Grm. Grin. 

0*840 Shreds. 


1'520 

1*200 

1*180 
1*500 

all in small bits. 

1-350 1 1'020 


1-285 

1-287 

1-902 

1-609 

1-409 

1-452 

1-435 

1-695 


Shreds. 

0*169 

0*731 

0*329 

0*625 

0*914 

Shreds. 

0*642 


m.,. two eroerim6.te confinn the theoiy that lepeated removal of the 
.re llMlatuber ‘This aeem. simple. The follorrmg eiperimeats 
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Experiment ZZF. 

This experiment had a double purpose (1) to test tlie effect of weeding 
oil lavala colonies in a small plot, (2) to compare the effectiveness of two 
methods of weeding. 

As regards point (2) We have shown that each aerial shoot has at its 
base a bulb (Plate VI, 2) not a tuber, from which arise horizontal rhizomes and 
droppers. Ordinary weeding by the weeding liook {Khurjpi) does not remove 
this bulb. If weeding were done to tear up this bulb then such V'Ceding 
ought to be much more effective. Accordingly a coarse fork was made which 
was thrust under the bulb, thus levering it up. One plot was weeded with 
this instrument and one by the KJiur^n. (Plate VII, 1.) 

The plots Avere in an unirrigated part of the college farm. One plot 
measured 2x2 metres and the other 2x3. They should have been of the 
same size, but the results are made comparable by reducing them to terms of 
one square metre. Weeding began on September 7, 1920, and went on till 
May 16, 1921, when the tubers in each plot were dug out, counted and 
replaced. hTo further weeding was done till September 1, 1921 ; so the 
transplanted tubers had the full benefit of the 1921 rains. On September 13, 
1921, the tubers were finally dug out and counted. The number of shoots 
visible was counted at each weeding. Table XIII gives the details of the 
experiment 

Table XIIL 


Weeding Eai^yenment. 


Date of weednig 

Days 

betAseen 

weeding 

Xo. OF SHOOTS 
REMOVED PER 

AVEEDIKG BY 

No. OF SHOOTS 
:rem:ov:ed per 

WEEDING CALCULATED 
PER SQ. METRE 

Al 

Khiirpi 

2 X 2 metre 

Qil 

'Fork 

2x3 metre 

Kburpi 

Fork 

:• 7--9-20 ' . ■ . . , ^ ■ ■ . . . 

21 

120 

205 

30 

'34-i"'''' 

29-9-20 

71 

310 

355 

. 77-5 

' . 59.-L ■■ 

9-12-20 

71 

190 

" '155 ‘ 

47-5 

25*8 

S-1-2T 

30 

120 

(50 . 

30 

11*5 . 

7-2-21 

30 

90 

40 

22*5 

■6-6' ■■■ 

S-.3-21 

29 

86 

26 

..',21 -5 

4 *5 

S~4-21 

31 

5(> 

6 

' 14 

1*0 

8-5-21 

23 

; 73 ' ! 

20 

15-7 , 

3*3 

1(5-5-21 

Tubers dug out, counted and 

re])laced. 


1-9-21 

116 

440 

270 

110 

' '45' . 

13-9-21 

12 

180 

161 

45 

26*8 

13-9-21 

Inters finally dug out. 

1 ■ 1 







'■«■;■„ iri 
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RiiiiSi’isiiPi 




2. The right-hand plant shows the 
One rhizome emanates from it a 
the tuber below. 


Plants from deep tubers. 






. •» 


,v '•» ^ 






'■ •*.<'' . ./ 
,- •- ■ 


PLATE VII, 


1. The man on the right is using the fork 


2. Weeding with Planet Junior Hoe 
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Tubers at test Mgginrfs, 


Above figures reduced to one sq. metre as unit. 


The following points emerge : — 

(1) Eeduction of shoots. From September 7, 1920, till May 8, 1921, 
the percentage reduction in shoots by the Khwfi method of weeding was 
only 39T6 ; while by the fork method it was 90*28. This demonstrates the 
greater efficiency of the uprooting of the basal bulb. 

(2) Eeduction of tubers. The original number of tubers is not known. 
The total number of empty and normal tubers found at the end of the experi- 
ment cannot be considered as a measure of the number at the beginning of the 
experiment, since in the iTAtet^pi-weeded plot the tubers probably multiplied 
considerably and in the fork- weeded plot their multiplication was probably 
much impeded. The figures, however, show some surprises. The first of these 
is the comparatively small difference in number of normal tubers between 
the two plots, when compared with the large difference in above-ground shoots. 
The still more astonishing result is the very small number of sound tubers 
remaining at the end of the experiment in the iC A^^rp^-weeded plot. 

One fact stands out prominently. Neither form of weeding had entirely 
cleared the ground of tubers. There were left enough to repopulate the area 
in a very short time. 

ExperhmntXXVI. 

This was a field experiment to repeat on a larger scale the earlier experi- 
ment on the weeding of tubers deliberately planted for the removal of their 
aerial parts. Pits 3x3x3 ft. were excavated in Empress Gardens and the 
number of tubers in each layer was counted and set aside. These tubers were 



Khuepi-weeded 

PLOT (2 x 2 metres) 

. Fobk-weeded 

PLOT (2x3 metres) 


Empty 

tubers 

Normal 

tubers 

Empty 

tubers 

Normal 

tubers 

16-5-21 . . . . 

86 

405 

172 

480 

13-9-21 .. 

33 

113 

141 

126 


16-5-21 

21*5 

101*25 

28*66 

80 

13-9-21 . . 

! 

8*25 28*25 

23*5 

21 
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replanted in similar sized, pits on the College Farm. In pits I and II, the 
tubers were replaced at the depths in which they were found. In pit III the 
tubef s v. ere mixed with the soiF throughout the whole 3 ft. depth. The 
surface of pit II was weeded and pits I and III were kept as controls; The 
experiment started on November 17, 1922, and ended on October 31, 1923, 
when the tubers were dug out. Weeding was done once a week by the fork. 
No watering was given. Shoots appeared from January 13, 1923. Table XIV 
shows the results. 

Table XIV. 


Number of shoots from the tubers transplanted. 


' 

Weekly weeding 
No. , 

Quadrat weeded 
weekly 

11 

Control quadrat 
(tubers 
ill layers) 

i ; 

Control quadrat 
(tubers mixed 
in soil) 

III 

I 

67 

21 

1 

2 ' : 

25 

. 54 

4 

S 

15 

. 4 

2 

4 . ' ! 

10 

18 

I 


17 

12 

2 

6 ■ ■■ ■; 

5 

19 

2 

' 7 

6 

27 

2 

8 i 

: 38 ■ 

25 

' 8 

9 i 

37 

24 

6 

• 10 ' 1 

80 

13 

7- 

11 . i 

8 

15 

1 . . ' . .6 - • 

12 

6 

0 

: ' I ■" ’ 

IS 

3 

1 

1 - 

' '14 , ■ 

4 

15 

■ 3, 

„ , 15 1 



. * 

16 ■ . ' ; 

’2 

0 

1 

' . 17 

2 . 

4 

5 

18 

2 

0 

3 ■ F-: ■ 

19 ■ 

0 

0 

0 

20 

0 

9 

2 

22 

1 

, 2 

1 

- 23 

0 

2 

0 

24 „ , 1 

0 

0 

3 

25 i 



« « 

.• 26 ■ 1 

■■ " ii ; ■ 

ii) 

m.' 

27 

■, 28^,. 


* t 

2S 

.. 



29 

118 

lik 

'47 ■ 

30 

101 

■ ' 130 

'50 

31 

54 

121 

78 ■■ 

32 

8 

118 

82 

33 

- 0 

120 

" 86 ■' 

37 

: ■ 4 . 

' 124 ■ 

134 

38 

1 

107 

■ ■ 113 ', • 

39 

0 

109 

121''-'.'' 


Judged by the residts on the tubers the weeding in pit I has been effective. 
It must be remembered that these were tubers planted ad hoc with aerial 



i 


banade and btjens 


parts removed as soon as sliown and were muck in the position of the isolated 

tubers in pots in experiment. 

In the two control plots there was a considerable total decrease m 
tubers and there was a decrease also in the number oi viable tubers. This 
shows that the conditions were much less favourable in their new home than 
in the Empress Gardens from which they were transplanted. 

Experiment XXVII, 

Two adjacent pilots each measuring 100x20 ft. were selected in a weed- 
infested area of the College Farm. One of these was used as an untreated 
control and the other weeded once a week by the Planet Junior Hoe with the 
ordinary weeding blades on it. (Plate VII, 2.) Before weeding two quadrats 

each .3 by 3 ft. were selected and the shoots on these counted. Hiese were 
regarded as fixed quadrats and all countings done on them. Tables X\ 
and XVI give the counts of the shoots in both quadrats and the number 
of tubers in the soil at the close of the experiment. 

Table XV. 

Number of shoots on the qmdmts (3x3 ft.) in the experiment of weeding 
with a Planet J unior Hoe once a week. 


No. of 
■\veeding 



Shootsdn 

quadrat in plot 9 ( 

Hoed 

18 - 8-22 

494 

29-9-22 

110 

( 5 - 10-22 

229 

21 - 10-22 

122 

27 - 10-22 

185 

3 - 11-22 

158 

17 - ii -22 

205 

24 - 11-22 

323 

1 - 12-22 

164 

• 8 - 12-22 

184 - - 

15 - 12-22 

128 

22 - 12-22 

167 

29 - 12-22 

126 

5 - 1 - 2.2 

- ” 26 

- 12 - 1-23 

102 

19 - 1-23 

94 

26 - 1-23 

126 

2 - 2-23 

105 

9 - 2-23 

212 

16 - 2-23 

106 

23 - 2-23 

■ -78 

2 - 3-23 


9 - 3-23 

50 

16 - 3-23 

28 


Shoots in. 




j & URF ACE 
TO Q" 


Shoots 
on the 
surface 


— I Total of 
j good 
tubers 


25-10-2:- 

27- 10-2?. 

28- 10-2? 
25-10-23 
G r a s s 

shoots . . 
27-10-23 
G r a s s 
shoots . . 


Control. 
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Table 'XN—contd. 


No. ' of 
weeding 

.Hate 

Shoots in 
quadrat in plot 9 
Hoed 

vShoots in 
quadrat in plot 10 
Control 

26 

23-3-23 

64 

285 

27 

30-3-23 

47 

325 

28 

6-4-23 

37 

334 

29 

13-4-23 

11 

323 

30 

20-4-23 

23 

391 

31 

27-4-23 

. , 

326 

32 

4-5-23 

14 

315 

33 

11-5-23 

103 

76 

34 

18-5-23 

104 

300 

35 

25-5-23 

108 

309 

36 

8-6-23 

221 

1 105 

37 

15-6-23 

12 

} 103 

38 

22-6-23 

12 

; 106 

1 ' 

Hoeing not jiossible due to mins. 


39 

3-8-23 

210 ' 

586 

40 

10-8-23 

510 

63 

41 

17-8-23 

635 

126 

42 

24-8-23 

370 

47 

43 

31-8-23 

362 

62 

44 

7-9-23 

489 

35 

45 

14—9—23 

453 

33 

46 

21-9-23 

483 

44 

47 

28-9-23 

282 

79 

48 

.5-10-23 

:i97 

72 

49 

13-10-23 

356 

116 


The experiment was stopped. 


Table XVI. 


453 ; 5 231 


Fiml test diggings in the experiment of meding leith Planet Junior 
Hoe, College Farm. 
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It will be seen that this weeding was absohitely inefective. In fact 
the control plot was less weedy than the weeded plot. This was partly due 
to the growth of grass on the control plot competing with the lavala. We 
shall have more to say later on regarding the competition of grass and 
lavala. 

The ground was unirrigated and hard. Hoeing in this superficial manner 
was doubly unsatisfactory on account of the hardness of the soil and because 
the shallow-going implement did not uproot the basal bulb. Not only so, 
but the clearing away of the loose soil after a weeding revealed shoots on 
their way up which had escaped the hoe blades. An actual count made on 
January 25, 1923 gave the following figures in a 3 x3 ft. square surface. 

Number of shoots before weeding . . . . . . . . 28 

„ „ „ after „ .. .. t. .. 7 

Two inehes of loose soil w'ere then removed and there appeared shoots 
wholly or partially protected from the hoes . . . . 53 

(These included 21 of which the leaves had been severed hut the basal 
bulb untouched.) 

In another case the number of shoots before weeding was . . . . 35 * 

After removal of two inches of soil there appeared (including the 
above 35) .. .. •• .. 129 

As it is manifestly not economic to scrape the loose soil off and then hoe, 
this method of weeding in hard soils does not commend itself. 

Ex2miment XXV IIL 

In this experiment four plots each 8x2 metres were treated thus, 

I. Hand- weeded twice a week by the fork uprooting the basal bulb. 

II. Untreated control. 

III. Hoeing with Planet Junior Hoe twice a week. 

IV. Hoeing with the Planet Junior Hoe once a week. 

The plots were in the Empress Gardens. The adjacent ground was 
irrigated three times a month. The plots were not irrigated, hut on February 
16, water was accidentally allowed to flow over the plots. 

A test digging on December 6 at the edge of all jjlots except the 
control plot gave the following results (Table XYII). Counts were made 
of the shoots before each weeding. Test diggings and their results are 
shown in Table XVIII. The first test digging was taken at the edge of 
the plots and the number of tubers in these diggings was probably 
due to invasion from neighbouring soil. The second test digging was taken 
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ill tlie middle of the plots and the effect of the weeding and hoeing 
is apparent. 

Table XVII. 


Depth of digging 

Opposite Plot I 
weeded. No. of 
tubers 

Opposite Plot III 
No. of 
tubers 

. 

Opposite Plot IV 
No. of , 
tubers 

' 

Surface to 6^ 

437 

517 

491 

6" to 12" 

12" to 18" 

III H 

231 

418 ■ 

18" to 24" 

75 

19 

1 174 

24" to 36" 

14 

0 


Total of tuberrf 

1,113 

767 1 

1,083 

Surface shoots 

82 

j 

76 1 

17 


Table XVIII. 


Test clujging in the Empress Gardens plots in weeded and hoed areas, Tahen on 
15-6-23 {in the middle) and 26-10-23 [at the end) of the Experiment, 


Plot jS'o. 

Operation 

Digging 
on dates 

Surface 

shoots 

Total 

tubers 

Total of 
nonnul 
tubers 

' 

Total of 
empty 
tubers 

1 

Weeded . . 

15-6-23 

11 

203 

215 

80 



26-10-23 

1 

213 

17 

196 

■ 

2 

. 

Control . . . . 

15-6-23 

1 

344 i 

1 

052 ' 

' 941 

9 



26-10-23 

235' ! 

813 ^ 

790 t 

23 

3 

Hoed twice a week . . 

15-6-23 



35 

475 

1 > 

; 463 

12 



26-10-23 

■■■ 

i 

i 190 ; 

! 

19 

171 

4 

Hoed once a week . . 

15-6-23 

28 

i 434 

448 

6 



26-10-23 

16 

367 

270 

97 

Digging in 

an area less infested 



[ ■ , . 
i 



than the control plot 11 

li3- 6-23 

40 1 

1 280 

27! 

9 



26-10-23 

143 

1 404 

L 

301 

103 
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The net result again is this 

Thorough weeding does reduce the number of shoots and tubers, but 
takes a long time and must be continuous. 

By itself, weeding, even if very careful and continuous, can hardly be 
looked on as a method of extirpation in a badly infected area. 

Experiments in the efiect of cover : — 

The next series of experiments deals with the effect of cover on the life 
of the lavala weed. 


al Garden, in the vine plantation, where the 
cucurbit crop for the purpose of keeping down 
matting on December 13, 
Test diggings showed no 
In the first foot 
the plot to be 
This number is low, showing some 
* j cultivation. No water 
13 shoots had pierced the 
Several thicknesses of newspaper were therefore pasted over the 
Once a month from February 1, onwards the plots were examined, 
shoots became sickly, bent and shrivelled and no further 
Two test diggings in each plot were 
hes of rain had fallen. The 
The control had 
The results of digging 


1921. A similar plot was taken as a control 
tubers in the second or third foot of soil in either case, 
of soil in an area 3x3 ft. surface the number of tubers in 
treated w^as 10 and in the control 15 
effect probably of the cucurbit crop and previous 
was given to either plot. On January 24, 1^ 
matting, 
matting. 

The thirteen 

germination occurred in either plot, 
taken on September 7, 1922 after IT 78 inc 
bamboo matting had to some extent kept out this rain, 
a growth of other weeds, but neither showed lavala 
the usual 3x3 ft. pit were, 

Covered plot. First foot 8 normal and 3 empty tubers, 
Control, first foot 18 normal and 9 empty tubers. 

This experiment was abandoned as a \vorse infested plot w 
to give significant results. The only possible conclusion that ca 
is that the cucurbit crop had adversely affected the tubers. 
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allowed US to get a measure of the density and distribution of the tubers 
ill the soil of this part of the field. Table XIX shows this density and 
distribution. The plot was very badly infected and is in marked contrast 
to the Ganeshkhiiid Garden plot in the last experiment which we must 
consider as nearly free from the weed. On January 24, 1922, it was found 
that 23 shoots had pierced the matting. Several thicknesses of news- 
paper were then pasted over the matting. On Februaiy 10, shoots were 
appearing below the matting but were yellow' and bent. On April 7 
shoots w'ere found issuing from the sides of the surrounding trench. The 
sides of the trench were then covered with matting. On May 4, it w'as 
found that shoots were piercing the matting on the sides of the trench. 
The trench was therefore filled up on that date. On September 1, one 
corner of the covered area measuring 1x1 ft. was dug out to a depth of 
3 ft. Ho tubers w^ere found in the third foot and a total of 100 tubers in 
the upper 2 ft. All 'were normal except those in the top 3 inches. These 
100 tubers weie planted in good soil at 3 ft. deep in Modi Bag and watered. 
By the end of September 40 had germinated. The period of covering (nine 
and a half months) Awas therefore clearly insufficient to kill the tubers 
beneath the cover. 

Table XIX. 


The number of tubers in the trenches mound the area iinder cover of the 

matting. 


Trencli 

Area of tlie 

Shoots on 

Tubers at dieeeeent depths 

, 

Totad 

No. 

trench 

the surface 

111 the hrst 
foot 

111 the second 
foot 

Jn the third 
foot 

1 

10' X IV 

335 

730 

420 

40 

1 ' 1,525 

2 

■ . 

410 

921 

514 

74 

1,910 

3 

■ ■ .r 

m 

078 

284 

56 ■■ : ■ 

:l:,398,.::''' 

4 


'y 217,: : 

^ m ■ 

2(;4 

, ' ■ 45 " ."'..j 

908 


Another test digging of the same kind was done on Fei)ruary 27, 1923, 
and the tubers similarly tested for germination. From the 18 to 21 inches 
depth only six tubers w'ere got and none of these germinated. Abov(‘ 1 8 inches 
tubers were numerous (total 829, of 'W'liich 462 were not empty) from C> 
inches layer 40 were taken and jmt to germinate. Between iu and 

April 23, tubers from the top C inches gonninated to the extcJit of 30 out 
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of 40, tubers from the second 6 inches to the extent of 32 out of 40. In 
April 1923 an iron sheet 10x4 ft. was laid on the soil near the plot covered 
by matting. In June a test digging revealed the fact that almost ail 
tubers were plump and healthy. The sides of the sheet were then earthed 
up. Nevertheless, throughout the rains, ■ shoots were being produced beneath 
the iron sheet. These were hatiirally etiolated. AV'hen the area v'as finally dug 
up it was found that many of the oiiginal old tubers were empty. The lavala 
plants round about the covered area had sent in tubers under tlie iion sheet at 
about the six inches level. Table XX gives a companson of the k. suits as sliown 
at the June test digging. The much reduced number of tubers in the middle of 
the matting cover shows that, at the side of the covered block of earth, air, liglit 
and. infectio]! from outside had all conspired to keep the tuber number high, 
wliile in the less favourable conditions in the centre of the matting the tubers 
were gradually being reduced. This, liov'ever, was after three months continuous 
cover. 

Tabl-E XX. 

TeM diggings (3'x3') in the area covered loith matting, College farm, 

12, 1923. 


Total of 

normal 

tubers 


Locality of the 
test digging 


Matting — 
N. W. Corner 


S. W. Corner 


Centre 


Under the iron sheet 


l^ntrol from a harrowed 
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following is the result (Table XXII). The time of germination was from August 


8 to October 81. 


Table XXI. 


Test, diggings in the area unde.r the matting cover, College Farm, Poona. 



Germination of the transplanted tubers. 

1 Tuber out of 11 from the i)" deiith. 9*9 per cent. Gtuuniiiatiou 



.Do. 

m „ 

^ 1' „ 

10*0 

5 

Do. 

28 „ 

„ ir 

18*9 

8 

Do. 

17 „ 

i)/ 

J9 — ■ »» 

47*0 

0 

Do. 

9 

j. 2.y 

O'O 


Later, on October 29 and 31, 3923, two dense patches of the weed that ]iad 
arisen on the area after the removal of the bamboo matting were dug out and 
examined. The shoots were found to proceed from tubers below 18 inches <leep. 
The upper tubers were dead. The total number of tubeis was 217 (in the usual 
test digging of 3x3x3 ft.) of wliich 114 were emjd.y, 23 normal solitary and 
110 normal in chaiiivS. New tubers had been ]>roduced below 18 i.nches. 

The general conclusion from these experiments is that cover is a very 
ineffective means of dealing vdth the tubers. Below 18 inches the original 
tubers may survive for more than two years and at that depth new tubers 
may be formed. 

Experiment XXXI. 

Pabco mulch is a specially prepared and waterproofed [)a])er lyhich is 
spread on land to keep down weeds and conserve moisture. 

The paper was applied to laud containing the lavah weed in the following 
.ways : — ■ 

1. A square of 3 x 3 ft. was dug to three feet deep and cleaned of tubers. 
100 tubers were then planted in the top six inches. Pabco mulch waslaklon 
the top and firmly secured by earthing up the sides. 



RANABE AND BURNS 


2. Another 3 X 3 ft. area was -weeded so as to remove the surface shoots 
but leave those just about to appear. On this area the paper was laid. 

3. Ill another 3 X 3 ft. area the paper was laid on the plants as thev 
were. All these three plots were unirrigated. 

4. A sheet of Pabco was laid on the earth of a water channel so as closelj- 
to coVer the weeds and allow water to run over the paper. 

5. An irrigated area 5x3 ft. was covered. 

6. An area 20 X 3 ft. w-as covered and irrigated after la 3 cing down the 
paper. 

These experiments were laid out on September 7, 1923. By September 
17, 1923, in every one of these experiments the kvala shoots had pierced the 
paper, formed basal bulbs and developed normal aerial parts. Adult leaves 
which had been covered had suffered, but the spearheads of the new shoots 
were quite sufficiently rigid to penetrate the cover. 


Experiment XXX I L 

. At the Government Farm, Surat, a plot 10x10 ft. showing 25 lavala 
shoots was covered by cut grass on February 21, 1922. This grass was 
allowed to stay on the ground till May 22, 1923. During this period the grass 
pile which was originally five feet high settled down to about three feet and 
received the monsoon rain, thereby becoming rotten. Lavala shoots managed 
to come through the edges of the cover. A small part of the cover was removed 
and a test digging made on August 18, 1922, and again when the grass was 


Table XXIII 


X'CBEKS 


Bate 


Test, diggings from 


Empty 


Normal 


Auir. 18, 1922 
May 22, 1923 
(mean of three) 

Aog. 18, 1922 
Dec. 29, 1922 

(mean of three) 

May 22, 1923 
(mean of three) 


B. Control outside covered ares 


In this case the cover has certainly killed the tnbers< 
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Experiment XXXIII. 

At the Government Farm, Surat, near the area of the last experiment, _ 
another plot of 10x10 ft. Avas covered to a depth of six feet by cotton 
stubble. This pile settled down to about five feet and was penetrated at its 
edges by lavala shoots. The cover was removed on May 22, 1923. 

In this case also all the tubers in three test diggings were empty. 

In both experiments the top soil up to six inches deep from the surface 
beneath the cover had dried, but the layers below had a good deal of 
moisture. ' 

Experiments in the effect of Agriculfnral Operations. 

The next series of experiments deals with the effect of agricultural opera- 
tions in the field on the weed. 

Experiment XXXIV.. 

At the Government Fodder Farm, Nadiad, a plot 66x66 ft. ivas ploughed 
and harroAved, and the number of tubers brought to the surface counte'd. 
An idea of the original density of the tubers in this plot AA-as got by tAVO test 
diggings, of which the figures are in Table XXIV. 

TabmXXIV. 

Nadiad. : 


Test Diggings before the operations. 

I. Plot TO BE PLoTOHED~(average of tAAm test diggings). 



' ! 

First foot 

.Second foot 

Total 

Tubers in . . 

222 

* 43 

205 


II. Control i*lot — (average of two test diggings). 



I^drst foot 


Second foot 

, Total 

Tubers in . . 

191 


13 

204 


All these are healthy tuhers. 
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Table XXV/ 

Test Diggings after the operations. 

I. Ploughed plot — ( average of three test diggings). 



On surface 

First foot 

Second foot 

Total 

* Tubers 

52 

147 

104 

303 


II. CoNTBOL PLOT — (average of three test diggings)* 


Tubers in . . 


First foot 

Second foot 

48 

75 


Total 


123 


The operations were as follows ^ 

December 14, 1921. Ploughing to seven inches deep with a BI2 plougli. 

Breaking of clods by hand with hammers. 

Disc harrowing. 


December 16, 1921. 
December 20, 1921. 
February 12, 1922. 
February 26, 1922. 


March 12, 
March 27, 
March 30, 
April 13, 
April 17, 


1922. 

1922. 

1922. 

1922. 

1922. 


Second ploughing to seven inches with BT2 plough. 
Disc harrowing. 


The farm was closed in May, 1922. 

During the experiment the total number of tubers brought to the surface 
in an area of 3 X 3 ft. (average of two such areas) was 170. 

Final test diggings were taken on May 26, 1923, anrl are given in 

Table XXV . a • 

The plot was revisited in August 1922. Lavala shoots were present in the 

plot and were found to be coming mainly from tubers in the second foot of 
soil. 

in the first plot to 203. ^ ™«+pr immher of test dieLorigs should 

In this experiment, however, we can see that a “nmher o c 
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6. Experiments in the competition of other plants with CyperuB rotundus. 
The next set of experiments deal with the competition of other plants witli 
lamia. 

Experiment XXXV. 

Effect of Grasses on Lavala. 

Se^^eral observations indicated that it might be possible to smothei^/nrahr 
by grasses. Some such indications were as follows : — 

(1) Near canals in fields where lavala was growing it was absent from 

patches of hariali grass da 

(2) At Khandala, Lonavala and Karjatj lavala abounded in the rice 

fields but was absent from the adjoining grass lands. 

(3) At Surat Farm an experiment in growing wild fodder grasses gave 

hopes of smothering lavala b,y this method. 

(4) In Gujarat it is a well known practice to leave very badly lavala 

infested fields fallow for a number “of years. Grass grows on such 
fields and the lavala dies out. The fields are then again taken 
into cultivation. 

On the other hand, however, in the polo ground of the Williiigdon Sports 
Club in Bombay and in the Gardens of the Bombay Improvement Trust, 
lavala was found growing amongst hariali grass in sufficient quantity to be 
regarded, as a pest. In both cases it is believed that the tubers were brought 
in from the race course with horse manure stacked tliere — the lavala being 
present in that area. 

Tlie following eight experiments were accordingly arranged : — 

(.1) Isolated tubers w^ere j)lanted on a lawn in tln.^ bu}i.galow eompoimd 
of Dr. Burns, Economic Botanist, Poon.a, , Tliis lawn was 
practically pure Andropogon amvulatns and d. carico.sns. 

(2) Tubers were planted in grass areas adjoining the Karjat Eice 

hlxperiment Station. 

(3) Tubers were planted in the lawns of the Improvement Trust (Jarden, 

Bombay. The grasses there were hariali {OipiodoH daciylon) and 
heda {Paspalmn distichmn). 

(4) Tubers were planted amongst heda grass in Jlodi Bag in the (V>llege 

of Agriculture, Poona, an<l heda gmss was ])lanted amongst 
lavala in the College Farm. 

(5) The effect of natural invasion of hariali on a lavala. plot was observed 

on tlie College Farm. 
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The tiihers were planted in all the quadrats on 22iid August, 1922 /and 
the conditions w-ere favourable as rain w^as falling at the time. 

The tubers from Poona wwe transported in w^et gunny bag material and 
hence there wars no fear of their drying out before planting. 

These quadrats were again examined on 6th December, 1 922. Observa- 
tions : — 

I. Grass normal. 

11. Only seven tubers had germinated out of the 100. The shoots 
were weak. 

III. Tw^elve tubers out of 100 had germinated. 

IV. Fifty-four out of 100 had germinated. 

V. Sixty-six out of 100 had germinated. 

Out of these plots lY and V, however, wuth their total of 120 germinated 
tubers, only 30 shoots were green at the time of observation. Out of these 
again four only had produced small tuber colonies of 6, 3, 5 and 6 tubers 
respectively. 

The quadrats w^ere again observed on Gth April, 1923. Observations: — 

1. Grass dry. 

IL All the tubers shrivelled. They were dug out. 

III. Three lavala plants Avere alive, of which twu had four and two 
tubers respectively. 

IV and V. Dried shoots of 20 plants wem found in these two taken 
together, and in the soil 50 dormant healthy tubers. 
The living plants aiul the 50 dormant tubers w^ere 
replaced in the same quadrats. 

The quadrats were finally observed in August 1923. 01)seiw'ations : — 

1. Grass thick. 

II. Grass thick, Ko lavala visible. 

HI. Grass thick. Xo lavala visible. 

IV and V. Grass thick. Xo trace wus found of the plants an<i tubers 
replaced in these quadrats. 

This preliminary experiment shows that in grass land on the slopes of this 
hill the soil conditions w^ere unfavourable to this plant and the thick matting 
of the fibrous grass roots gave little scope for the lavala, tubei'S to sprout, 
root and multiply. In the w^eeded plots the lavala got a footing and only tlie 
uprooting of the tubers stopped their grow’tb. 
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Experiment XXXYIIl. 

Planting of tubers in the lawns of the Improvement Trust, Bombay. 

Two quadrats in a liariali lawm were laid down and 50 lamia tubers 
planted on 24tli August, 1922. At the same time 40 heda grass stumps were 
planted in the same quadrats, without removing the existing hariali. There 
were already at the time of planting on quadrat — 

I. Lavala shoots 56. 

II. „ 49. 

The lawn was mowed on 12th September, 1922, and 21st September, 1922, 
and on September 24, the position was — 

Quadrat I. Lavala shoots 82. Heda stumps 40. 

„ 11. „ „ 65. „ „ 39. 

The place was again observed on 6th December, 1922. The stumps were 
unaltered in number but were dry and stunted. The lavala shoots were (1) 
30 and (II) 27 respectively. Hariali was growing thickly on both quadrats. 
On the same day both quadrats were dug out and the tubers were counted. 
Results : — 

Table XXVI. 





Tubers 



‘ Shoots 

9-12'^ 

12-18'^ 


fl) Control teist digging at the time of planting 
(24-8-22) 

(2) Control test digging at the time of digging out 

60 

120 

80 


the quadrats (6-12-22) 

30 

189 

100 


(3) Quadrat I • • • • . . 

30 

IdO 

oO 


(4) „ 11 

27 

139 

25 

1 , 


The soil was one and a half feet deep over sand. The tubers dug out 
were all plump and dormant. 

In this experiment there is evidence of a smothering effect by the grass 
especially in reducing the number of deep dying tubers. This experiment was 
then discontinued. The control test diggings both on 24th August, 192.^, 
and 6th December, 1922, were done on areas of the same surface size as the 
experimental quadrats and on ground near to them. These diggings indicate 
that the -lavala although somewhat reduced was existing along with the hariali 
and that it ^vas vigorous. 


I 


H 


i 


if 

15 


I 
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The. fact that the lavala grew well along with the hariali may have been 
due to the fact that the lawn was comparatively newly made with imported 
earth’ 

- In another quadrat (III) the soil was dug up to six indies deep and the 
original lavala and hariali removed on 24th x4ugiist, 1922. Heda grass was 
planted on the same date in the plot along with 50 tubers of lavala. The 
grass grew vigorously. Out of the 50 tubers 30 had germinated by 6th 
December, 1922. 

In still another quadrat (I V) 50 tubers were planted in a plot prepared 
like III by digging to six inches deep, but no grass was planted along with the 
tubers on 24th August, 1922. 42 out of tlie 50 germinated by 6th December, 
1922. Both these quadrats were dug out on 6th April, 1923, The following 
is the result 


Table XXVII. 



* ■ 1 

Tubers 


i Shoots 1 

0-12^ . 

12-18"; 

: ^ . . j 

Quadrat 11 [ .. 

■ •■35 

1 

35 , 1 

10 

IV .. .. .. j 

03 

' 122 , 

20' ' 


The soil in these two quadrats had been recently deposited and was 
underlaid by sand. Here the heda grass had had a distinct effect on the 
vigour of growtli of the lavala tliough it had by no means checked it. 


Ea'perment XXXIX, 

Planting tubers in Modi Bag awong.sl gras.^. 

On 19th September, 1922, eight metre-quadrats were prepared. These 
were sited in an unirrigated area already naturally infested wdth lavala. 
100 heda stixin])s were planted in eacli quadrat. The- mimber of tubers in the 
adjoining test digging were — 

Shoots First foot Second foot . 

236 257 120 

The quadrats were watered twice a week for about a month. Thereafter 
there was no irrigation. Table XXVIII shows the number of shoots of 
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layala and of living heda stumps (at -the tiiiie of planting 
ber 23,1922) 

Table XXVIII. 


L^iVALA -- SHOOTS 


Dates 


On 19th September, 1922, 500 heda stumps were planted in two smaii 
strips 8x2 and 6x2 ft. at right angles to one another near a small tank in 
Modi Bag. This grass thoroughly established itself. On 11th October, 1922, 
36 lavala tubers were planted 20 in' one arm and 16 in the other arm of the 
L. They were planted at regular intervals at three inches deep. On iuth 
November, 1922, 47 lavala shoots were visible, 32 in the one arm and 15 m 

the other, and 525 heda stumps (342 and 183 respectively). 

One lavala plant from near the side of the grass plot was dug out. It was 
found that the original tuber had produced one shoot and ’a chain of three 
tubers, growing horizontally. The last two tubers were just outside the grass 
patch and were sprouting.* On 10th July, 1923, the plot had 75 shoots of 
lavala (40 and 35) and the heda clumps were very dense. 

Both the strips were dug out in September, 1923, when the^soil was 
workable. The heda clumps were very dense and only (3U and 20) oO la\mla 
shoots were seen on the surface. But of the . original 56 tubers planted 
t.bree inches deep only 35 were found to be sprouting at that time. The 
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We liave here a clear indication of the tactics of the lavala plant 
in competition with other plants. The lavala struggles to put up an aerial 
connection, wherever pos.sible. From tubers so connected it sends off 
droppers to layers unoccupied by the roots of the competing plants, there 
it stores food material and from them or from the original tubers it sends 
off horizontal rhizomes to explore for places outside the dense competing 
aerial cover where it may send up shoots more successfully. 


Experiment XL. 

7. Experiments on the Effects of Cultivation and Cover Croj)S. 

The field chosen for this experiment was on the Government Farm, 
Surat, and carried a crop of jowar from June to November 1921. Test 
diggings of the usual dimensions (3x3x3 ft.) were taken before the start 
of our experiment and showed a dense tuber population. The plot was 
divided into two areas and the first was left untreated, while the second 
was submitted to the agricultural and cultural operations shown in 
table XXIX. These continued till August 1922, when in each area one 
half was sown with jowar and the other half left as a control. The following 
sketch will make the position clear. 


Unplouglied half I 


Cropped half A -f 0 


- A ■ 

0 

' B , ,: ■ 

.1) 


Uncropped half B + 1) 


Ploughed half II 


The sowing of jowar on the first area meant^that half of it had to be 
lightly ploughed before sowing. 

Test diggings were taken throughout the experiment and these are 
recorded in table showing the changes in the tuber population. After the 
jowar was harvested, the original area II containing the C and D sub- 
plots w'as again thoroughly and continuously cultivated until the following 
June. 



Table XXIX — contd. 
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the eeadication of cypekus botundus l. 


A study of the Table XXIX along with its remarks cohimii brings out the 

^‘'**“m1/both areas the lavala had a bad time in the hot weather of 1922,. 
tiie rain however, revived it considerably and until the crop was harvested 
cannot sav that there was a very striking difference between the area which 
had been ploughed in the preceding hot weather and that winch had not, 
although there is undoubtedly a reduction of the tuber population m the 

eft’eet of the cover crop in both areas on reducing tuber produc- 
tion, taken against the control plot in its own area, is negligible. In fact the 
figures give a less tuber viability for the sub-plots without the co%ei crop 

(3) The cultivation in the second hot weather has, however, been 
absolutely effective as the figures amply show. The untreated area (both A 
and B) has a large tuber population (not however anything like «iua o i s 
first condition) with a large percentage of viable tubers, while the treated area 

(CandD) has not a single living tuber left. , . 

This is the most conclusive proof we could have of the value of con/uiuom 
thorough cultivation in the hot weather. It indicates also that the battle 
may not be won in the first hot weather cultivation but should be won for 
certain if the same process is continued for a second hot weather after one rams 

“""^n experiment similar to the above in which only a harrow was worked 
was carried out. Mere harrowing proved entirely ineffective as the deeper 
tubers were untouched. 


Experiment XLI. 

At Manjri near Poona in the vicinity of our sugar station we. leased a 
piece of land badly infested with lavala. This area uas oOO b\ _00 ft. in size 

and was divided into five plots. ^ t i , 

Plots I, II and III were sown to a cover crop, plot IV was an absolutely 

undisturbed control and plot V w'as ploughed once in the beginning. 

Test diggings (3x3x3 ft.) were taken in each plot at the points niarket 

TltoTie. . 

The middle of the plot was worse infested than either edge. I he eastern 

edge was probably affected by the shade and the roots of trees along that side. 
Xo tubers were found below 18 inches, the subsoil being shadii (chalky soil) 
or murum. The average distribution taking the average of all the diggings 
was 164 per digging of 3x3x3 ft., of the eight middle diggings iol.. and of the 
eight diggings on the East and West edges 74. 
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Effect of cover on Lamia Plan. 
Cover crop exjyeriment at Manjri, 

200' South 


PlotlE 


West 


P!otF. 


T2 PlotH 


Loni — Manjri Road 


Q. Quadrat area on which the Lavala and sann plants are counted once every tortmgnt. 

Plot T, II, III were under cover. Plot IV control untreated. V control ploughed once. 

Treatment 

Plots I, II and III were ploughed in June 1923 by an iron plough. The 
rains were late. Sann hemp was sown at the rate of 30 lb. per plot of 150 by 
100 ft. in July 1923. From August 1, weekly observations were taken to 
get some idea of the growth of the sann hemp and of the lavala. For this 
purpose five fixed quadrats were laid out (labelled Q1 to Q5) in each plot. 
The number of lavala shoots and sann hemp plants was counted in each 
quadrat. On September 4 and 5 irrigation was given as the sann was groAving 
poorly, especially near the middle of plot I. Six additional quadiats were 
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also laid out in dense sami growth on September 15 and counted once. The 
sann hemp was cut and ploughed in on October 8, 1923. 

Plate VIII (1) shows the ploughing in progress. The bunch of sann hemp 
held by the woman indicates the growth of the cover crop. Plate VIII (2) 
shows the lavala among the cut sann hemp. Such shoots had etiolated leaves 
from 8 to 12 inches long. 



The total amount of sann hemp buried for plots I, II and III taken 
together was 5,700 lb. 

. Table XXX shows the results of the countings on the c|iiadrats. 

Table' XXX. 

Table of averages. 


Points to note 

Where sann hemp is poor in growth lavala makes headway. 

Ploughihg and exposure by itself- (plot V) has been mony effective as to 
reduction than sann hemp sowing. 

The untreated plot IV was by far the worst. 

•■When we come to consider tuber reduction, however, the sann hemp 
treatment easily wins. Table XXX(a). 


■ * Table XXX(a). 

Effect of Sann hemp and ploughmg on tuber popidation„ 

Plots I, II and III taken together (average of fifteen test diggings) . . Number of tubers 

in 3 X'3x3Yt. ' 

Before treatment .. .. .. 241 all sound 

After treatment .. . . .. .. .. 100 of which 40 

were dead 

Plot IV (undisturbed control) average of five test diggings 

At start of experiment . . .. . . .. 251 all sound 

At end of experiment .. .. .. *. .557 ail sound 

Plot V. (Ploughed control) average of five test diggings 

Before treatment .. .. .. .. 158 all sound 

At end of experiment . . .. .. 228 ail sound. 

Ploughing and exposure in this case has not reduced the tuber population. 
The reason is that the exposure occurred in the rainy season. 


Plot No. 

Average No. of i 
lavala shoots per 
quadrat 

1 

Average No. of 
sami shoots per 
quadrat 

Average height 
of sann (ft.) 

Product of last two 
columns 

I 

153 *8 

133*2 

3 

399*6 

II 

90-0 

i 104*0 

■ ' 2 

208*0 

III 

110*2 

164*2 

3*5. ■ 

. .574*7 

IV 

173*6 

1 Not ploughed, no sann hemp 


V 

17*2 

Ploughed, no sann hemp 

I. ' " 



PLATE VIII 



1 . Ploughing in progress. The bunch of sann hemp held by the woman 
indicates the growth of the cover crop. 



2. Lavala among the cut sann hemp. 
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V. General Conclusions* 

^"'Hundreds of other opportunities could be suggested. Almost an j 
insect or plant disease that is limited to a single host or presents a 
vulnerable point in its life history extending tlirongh a sufEcientJy 
long period of time to give the possibility of control may be 
considered as a possible candidate for eradication whenever a 
scientific investigation has progressed to such a point as to give the 
tools necessary for its accomplishment.’’ 

The above quotation can with equal truth be applied to weeds, and we 
propose now to examine how far the scientific investigations recorded in the 
preceding pages have provided the tools necessary for the eradication of the 
lavala weed. 

The lavala weed, we have seen, is cosmopolitan in warm countries and is a 
weed of cultivation, particularly of irrigated fields. Salt and inundation 
destroy it, but as salt is injurious to other plants and inundation is important 
only in rice fields, these two methods of control can be left out of account at 
present. 

The first important contribution to our equipment for eradication is the 
better understanding of the structure and life history of this weed. Let us 
briefly go over the main points established. 

The plant as it occurs in the field is a colony of many tubers connected 
by underground rhizomes and distributed throughout the first three feet of 
soil. On the surface are its aerial shoots whose number bears no necessary 
relation to the number of subterranean tubers. Throughout the year and 
particularly in July and October, flowers are produced which result in the^ 
production of small fruit seeds”). The viability of these is exceedingly 
variable, from one to eighty per cent, according to circumstances. The 
number of seeds produced, however, is so enormous (calculated at fifty- 
four million seeds per acre), that even with a small germination percentage, 
seed production will obviously be an effective means of reproduction. 

The prevention of seeb probuction is therefore of 

IMPORTANCE. 

The germination of the seed and development of the seedling have been 
studied. In this plant we have an extreme example of the geophilous habit, 

^ Research Work of the Department of Agriculture, by E. B. Ball, Director of Scieutific 
Work, U. S. Department of Agriculture, in the Chemical Age^ article copied in full in the 
American Fertilizer^ Jan. 26, 1924, pp. 62-08* 
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\riu3rel)y a plant immediately after establishing its first aerial connection 
devotes all its energy to producing a subterranean tuber or tuber-system, 
to escape climatic changes above ground. In the case of both seed and 
tiibei' germination and development we have found that udess the seed or 
tuber cuii estaUish an aerial connection it cannot produce a tuber or tnber-system. 

The next indication of importance therefore is— 

CTER:UTN-ATmG SEEDS OR TUBERS MUST BE BREVExXTEI) FROM 
ESTABTnSHINC4 AX AERIAL OONNEOTIOK, 

If a seed or a tuber succeeds in establisliing this aerial connection we 
find that it develops a basal bulb at the place where the aerial leaves join 
the stem ami from this bulb in the case of the seedling or tuber-plant, and 
from tlie parei4t tuber as well, in tlie case of the latter, new rhizomes are then 
developed. In the seedling these rhizoiues produce tubers, while in the case 
of the tuber plant they may form new aerial shoots as well as tubers. In 
many cases these new rhizomes are of the nature of ‘‘ droppers,*' that is, 
positively geotropic rhizomes whose business it is to penetrate still deeper 
into the soil and there establish new bases more protected than the shallow- 
lying tubers. These tubers may in turn give rise to more rhizomes, and we 
soon have a tuber colony of considerable size. 

The eradication of an established lavala colony is therefore a matter of 
very great difficulty. In the first place, in normal circuinistances, all the 
tubers are viable. Drought may kill the superficially placed tubers, but the 
more deeply placed ones survive. Ordinary weeding touclies only the very 
top tubers and normal ploughing and haiTowing deals witli the top foot of soil 
at the most. How then are we to deal with a thoroughly established colony ? 

Obviously, BADLY INFESTED land must be cleared at all costs 

AND THEN KEPT FROM FURTHER INFECTION. 

The first step is the clearing. 

In this connection we have studied the various methods for killing tubers. 
It has been found that although tubers can be found at .three feet deep in the 
soil in a tuber system, ivsolated tubers buried at that depth, or even at 2 J- ft, 
deep usually cannot produce a shoot that will reach the surface. 

We THEREFORE OET SOME HOPE THAT, IF Ai.L SUPERFICl ALLY PLACED 
TUBERS CAN BE DESTROYED, AT LEAST SOME OF THE DEEimV PLAC’ED TUBERS 
WILL NOT BE ABLE TO PRODUCE SHOOTS WHICH WILL REACH THE SURFACE. 

Again, theoretically, one would expect that the repeated removal of the 
aerial parts would result in the exhaustion of the reserve material in the tuber. 
In the case of isolated tubers this ha.s been found possible, though even then the 


feAWADE AND BtTENS 


179 


§ 


resistance of the tuber to this depletion of its reserves is great. In a tuber- 
system the process of exhaustion, while undoubtedly taking place, is ver)’ 
much retarded by the fact that one is only dealing with a small proportion 
of the tubers and that the others are meanwhile either replenishing the tubers 
whose aerial parts are being attacked, or are themselves producing new aerial 
parte. All the same there is no doubt that— 

Eepeated removal or the aerial parts at short intervals finally 

EXHAUSTS THE RESERVE MATERIAL OF THE TUBERS, wliich being translated 
into terms of practical agriculture means that we must be alway.s weeding. 

This mention of weeding brings us at once to the methods of weeding 
and to the consideration of their relative efficiency. Our experiments indicate 
that the least efficient is the method of the khurpi whereby merely the surface 
tuft of leaves is removed and the basal bulb {containing the growing point) 
is left undisturbed. Weeding wlvich tears up this basal bulb is inucli more 
effective, but is at the same time only possible by a hand implement and at 
the expense of much time. Planet Junior Hoe weeding never completely 
oleared the ground although carried on for many months. 

It is apparent that by itself the weeding of the surface SHOOTS 

IS A VERY SLOW AND UNCERTAIN MEANS OF REDUCING THE TUBER POPU- 
LATION. Til U + 

A more direct attack on the tubers was, therefore, necessary, ihe best 
method tried was the exposure of tubers to the sun’s heat. The results so got 
Nvere confirmed by laboratory experiments. The tubers are very resistant bo 
mere oven-drying, but sunlight and sun-heat are very elfective agents. The 
most hopeful sign we have got in the whole research is that- 

TuBEBS EXPOSED ON THE SURFACE OF DRY SOIL OR NOT DEEPER THAN 
THREE INCHES IN DRY SOIL ARK KILLED IN EIGHT DAYS, IF EXPOSURE TAKES 
PI.ACE IN THE HOT IVBATHER. 

This indicates to us, therefore, that we must devise methods tor bringing 
to the surface the maximum number of tubers for the maximum length of time 
.h, houest ,.«t «I fc ye«. The oi to ■>>«>« ™ 

clearly shown in the Surat ploughing experiment (Pages 171-1 <3) where 

every tuber in the test diggings was dead. _ 

Another methods of dealing with the tubers was cover of various kmds. 
It was found that matting and iron sheets were not effective and Pabco Mu c i 
(a paper covering) entirely ineffective. Covering to a depth of several eet by 
grass or cotton stubble was effective but can hardly be regarded as feasible o^er 
L-e areas. The effects of a cover crop of jowar were negligible, hut sann 
hemp distinctly reduced the tuber population. In all expeiiments, lowewer, 
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the paramount importance of cultivation and particularly of continuous hot 
weather cultivation makes itself strikingly evident. 

In fine, the results reduce themselves to this — 

The weed must be attacked immediately after the rains as soon 

AS THE SOIL IS WORKABLE. ThE PROCESS SHOULD INCLUDE DEEP PLOUGHING 
AND A SUBSEQUENT PULVERISATION AND TURNING OVER AND OVER OF THE 
BROKEN SOIL IN ORDER TO EXPOSE AS MANY TUBERS AS POSSIBLE TO THE SUN. 

If the land is not wanted for a crop in the following rains then 

A THICK GREEN MANURE CROP SHOULD BE GROWN AND PLOUGHED IN EARLY, 
FOLLOWING UP BY A SECOND DRY SEASON’S CONTINUOUS CULTIVATION. ThE 
LAND SHOULD THEN BE CLEAR OF WEED. 

If THE LAND IS WANTED FOR A RAINS CROP, THE CROP SHOULD BE SOWN 
SO THAT INTERCULTIVATION CAN BE CONTINUOUSLY PRACTISED TO KEEP DOWN 
THE LAVALA SHOOTS AND PREVENT THE ESTABLISHMENT OF THAT AEPJAL CONNEC- 
TION WITHOUT AVHICH TUBER FORMATION IS IMPOSSIBLE. A SECOND DRY 
season’s CULTIVATION SHOULD THEN REDUCE THE WEED, AND A THIRD 

season’s work kill it. 

Thereafter, there should be no difficulty in keeping the clean land from 
further infection. 
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APPENDIX. 


Incubator experiment. 

Table XXXI. 

Experiment of heating the tubers in paper dishes in m incubator at a constant 
teM'perature of 93'2'^F. (34°C,). 

Date of heating, lOth August, 1921. 

Table of weights (grammes). 



Duration op heating 


10 

20 

30 

1 

2 


Minutes 

Minutes 

Minutes 

Hour 

Hours 

Weight of 10 tubers before heat- 

9-25 

8*01 

10-742 

. 8*272 

8-072 

mg 






Weight of 10 tubers after heat- 

8-88 

7*80 

10*380 

8*000 

7*760 

mg . . • • 






Loss in weight 

--0-37 

-0*21 

-o-:W2 

-0-272 

-0-312 

Percentage of loss in weight 

~4*00 

-2-62 ' 

j -3*460 

-3*300 

-3*860 


Placed in 

a wet soil for 24 lioun 



Weight after absoriition of water . . 

9*945 

8*481 

11*350 

8*65 

8*390 

Change in original weight 

-p 0*695 

4-0*471 

4-0*608 

4-0*37 

4-0*318 

Change in heated weight 






Date of planting in soil two 


16tl 

i August, 19 

21 


inches deep and watered 







Observations regarding germination 

No. of tubers germinated 
Percentage of germination 


Began to germinate from 20tli August? 


1921 


0 

8 

8 

9 

■ 7 

■ 90' ■ ■ 1 

80 

80 

90 

70 
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Incubator experiment. 

Table XXXII. 

Experiment of heating the tiihers in paper dishes in an inouhator at a constant 
temperature q/'98’6°F. (37“C.), 

Date of healing, Wi. August, 1921. 

Table of weights (grammes). 


DpBATION of HE.myG 



10 

Minutes 

20 

Minutes 

[ 1 

30 

Minutes 

1 1 

Hour 

f 

2 

Hours 

Weight of 10 tubers before heat- 
ing 

9*74 

10-90 

9*94 

8*640 

9*57 

Weight of 10 tubers niter heat- 
ing 

i 

9*4o 

10-68 

9*78 

8*355 

8*33 

Loss in weight 

-0*29 

-0-28 


-0-285 

-1*24 

Percentage of loss in weight 

-2*90 

-2-50 

-1*60 

-3-290 

-12*90 


Placed in a vret blotting paper for 24 hours 


Weight after absorption of water . . 

8*40 

11*645 

11-195 

8-895 

Change in original weight 

-1-34 

4-0*685 

4-1-255 

4“ 0*255 

Change in heated weight 


■ 1 



Bate of ])lanting in soil two 




i 

inches dee}) and -watered 


iOth August, 1921 


Observations regarding germination Began to germinate I'rmii 20th August, 1921 


No, of tubers germinated 

0 

7 

6 

7 

Percentage of germination 

0 

70 

60 

70 


These 
tubers had 
failed to; 
regain the' 
weight 
'lost ■ . I 

■ ■ ■■ i 
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Inoubatoe EXPBEIMENT. 

Table XXXITL 

Experiment of heating the tubers in paper dishes in an incubator at a constant 

temperature of 

Date of heating, Uh August, 192L 
Table of weights (grammes). 


Duration of heating 


Minutes 


Minutes 


Loss in weight 
Percentage of loss in weight 


Placed ill wet blotting paper 


Weight after absorption of water . . 

Change in original weight 

Change in heated weight 

Date of planting in soil two inches 
deep and watered . . 


Began to germinate frmn 


Obseiwation regarding germination 


germinated 


Percentage of germination 


30 

1 

Minutes 

Hour 

9-750 

9-82 

9-527 

9*53 

-0-223 

-^0*29 

—2-280 

-~-2*90 
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Incubator experiment, 


Table XXXIV. 

Ex'perivieni of heciliug the tubers in paper dishes in an tncubator at a constant 
temperature of (43®C.). 

Date of heating, Zrd August, 1923. 

Table of weights (grammes). 


Placed in wet blotting paper for 24 hours 


Weight after absorption of water . . 

Change in original weight 

Change in heated w^eight 

Date of planting in soil t\vo inches 
deep and w'atered . . 


Began to genninate from 20th August, 1923 


Observation regarding germination 


No. of tubers germinated 
Percentage of germination 



Dueation or* heating 


10 

20 1 

1 

30 

1 

2 


Minutes 

Minutes | 

Minutes 

Hour 

Hours 

Weight of 10 tubers before heat- 
ing 

10-45 

9-580 

10-642 

9-750 

8-950 

Weight of 10 tubers after heat- 
ing . . • V 

10-16 

9-372 

10-295 

9-457 

8-617 

Loss in weight 

-0-29 

-0-208 

-0-347 

-0*293 

-0-353 

Percentage of loss in w'cight 

-2-77 

’'-2-190 

1 -3-200 

i 

— 3-lHj6 

-3-800 
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Incubator exi^eriheht. 


Table XXXV. 

Experiment of heating the tubers in paper dishes in an ineubator at a constant 
temperature of 112‘8°F. (46°C.). 

Date of heating, 2nd August, 1921. 

Table of weights (grammes). 


Duration or h rating 


Hour 


Minutes Minutes Minutes 


Weight of 10 tubers after heat- 


Loss in weight 
Percentage of loss in weight 


Placed in a wet blotting paxier for 24 hours 


Weight after absorxition of water . . 

Change in original weight 

Change in heated weight 

Date of planting in soil two inches 
deei) and watered 


Began to germinate by 20th August, 1921 


Observations regarding germination 


No. of tuber germinated 
Percentage of germination 
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Incubator experiment. 

Table XXX VL 

Ex 2 )ermient of heating the Uibsrs in paper (Ushes an incubator at a constant 
temperaiwre of r20^F. (49'^C.). 

Date of heating, Uh A iigiist, 1921. 


Table of weights (grammes). 



Placed ill a wet blotting paper for 24 liours 


Weight after absorption of water . . 

Change in original weight 

Change in heated weight . . 

Date of planting in soil two inches 
deep and watered . . , . 


Observations regarding germination 


Began to germinate from 20th Augunt, 1021 


10*155 

11*595 

9*880 

8*980 

-j-0*685 

■ +0*925 

+0*310, 

— 0148 

+0*955 

+1*195 

-1-0*425 

~0*t60 


1 1 

12tb August, 1921 I 




DfEATIOK 01’ heating 



10 

20 

30 

1 

2 


Minutes 

Minutes 

Minutes 

Hour 

Honrs 

Weight of 10 tubers before heat- 
Ing 

9*47 

10*57 

9*570 

9*128 

10*450 

Weight of 10 tubers after heat- 
ing 

9*20 

10*40 

9*255 

, .8*820 

9*970 

Loss in weight 

-0*27 

-0*27 

— 0*31») 

-0*308 ■ 

■ -0*480 

Percentage of loss in weight 

-2*90 

.--2*50- ■ 

-3*300 

-3*300 

-4*590 


Ho. of tubers germinated 

10 

9 

8 

8 

7 

Percentage of germination .4 

100 

90 

80 

SO 

70 
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Incubator experiment 


Table XXXVII 


Experiment of heating the t ubers in paper dishes in an incubaior at a eonstaM 
temjyerature of (46°C.). 

Date of heating, August i 1921. 

Table of weights (grammes). 


Placed in a wet blotting paper for 24 hours 


^^'eight after absorption of water . . 

Change in original weight 

Change in heated weight 

Bate of planting in soil two inches 
deep xind watered . . 


Began to germinate from 20th August, 1921 


Observations regarding germination 


No. of tubers germinated 

4 

' 0 

2 

1 

1 

Percentage of germination 

40 

! 

0 

20 

10 

10 




Buratiojv op heating 

(hours) 



o 

4 

5 

■ iL 

i 

1 7 

Weight of 10 tubers before heat- 
ing . . . . 

7*605 

7*105 

7*598 

6*675 

7*075 ; 

Weight of 10 tubers after heating 

6*790 

6*750 

6*855 

6*015 

6*060 

Loss in weight . . 

-0*815 

-0*355 

-0*743 

— 0*660 

-1*015 

Pei'centage of loss in weight 

-10*710 

-4*990 

-9*790 

-9*890 

1 

; -14*340 


7*265 

7*145 

7*385 

- 0-340 

0-040 

- 0-213 

+0*475 ' 

+0*395 

+0*530 

!■ ■■ 
i 

! 1 
16th August, 
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Inoitbatob experiment. 

Table XXXVIIL 

Experiment of heating the tubers in paper dishes in an incubator at a constant 
temperature of 120°F. (49°C.). 

Bate of heating, llth August, 1921. 


Table of weights (grammes). 



Duration of heating (hours) 


4 

5 

6 

,7 

Weight of 10 tubers before heat- 
ing 

7-550 

i 8*628 , 

,110-940 ^ 

1 7-798 

i 

8-573 

Weight of 10 tubers after heat- 
ing 

6-965 

7-982 

; Si- '■ 

9-884 

1 

7-059 

7-340 

Loss in weight 

-0-585 

-0-646 

-1-056 

-0*739 

-1-233 

Percentage of loss in weight 

-7 -740 

-7-490 

-9-660 

-9-490'' 

-16-800 

Placed in a 'v^ 

*et blotting 

paper for 24 hours 


Weight after absorption of water . . 

7-770 

8*745 

10-82a 

7-870 

8*340 

Change in original weight 

-i- 0-220 

+0*117, 

- 0-115 

+0*072 

— 0*233 

Change in heated weight 

-fO-805 

+0-768 1 

+0*941 

„ +0*811 

+ 1*000 

Late of planting in soil two inches 
deep and watered * . 


16th 

August, 19 

21 ' 


Observation regarding gemmation 

Began to gernun 

ate from 20 

th August, 

1921' ■ 

No, of tubers germin.ited 

7 

; 5 

3 

■■ 's' ■■ 

e 

Percentage of germination 

70 

50 

30 

60 

60 
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Incubator experiment. 


Table XXXIX. 

Experiment of heating the tubers in paper dishes in an incubator at a constant 
temperature of 104r*^F. (40^0.). 

A. Tubers placed in paper dishes without earth. 

Date of starting^ 20th March, 1923. 

Table of weights (grammes). 


Duration of heating (hours) 


Weight of 10 tubers before heatin: 
Weight of 10 tubers after heating 
Loss in weight 
Percentage of loss in weight 


Placed in a wet blotting paper for 24 hours 


Weight after absorption of water 

Change in original weight 

Change in heated weight 

Date of planting in soil two inches 
deep and watered 


Some germinated by 29th March, 192B, remaining 
observed till 2nd July, 1923. 


Observations regarding germination 


No. of tubers germinated 
Percentage of germination 


7 

8 

Tia 

III A 

ir)-540 

15*325 

10-210 

9*610 

-5-325 

—5*715 

-34-200 

-37*290 


190 


THE ERADICATION OR CYPERUS ROTUNDUS D. 


Incubator experiment. 

Table XL. 

Experiment of heating the tubers in paper dishes in an incubator at a constant 
temperature of 104°F. (40°C.). 

B. Tubers buried in dry earth. 

Ten tubers are placed in a paper dish each heated for a definite time. 

Date of starting. 2Qth March, 1923. 

Table of weights (grammes). 



.Duration of heating (days) 


3 

7 

8 

U 


IB 

11 B 

DIB 

IV B 

Weight of 10 tubers before heating * . 

19*15 

16-84 

16’35, 

19-01 

Weight of 10 tubers after heating . . 

■■ 15-22 ■- . ■ 

10-36 

9-63 

11-29 

Loss in weight 

-3-93 

j -6-48 

-6-'72 

-7-72 

Percentage of loss in weight 

-20-52 

1 -38-47 ■ 

i 

--41-71 

1 

O 


Placed in a wet blttiting pftper for :^4 hoiu*!^ 


Date . . , . 

23-3-23 

27-3-23 

28-3-23 

4-4-23 

W’’ eight after absoi'ption of water 

17-920 

12-71 

12-35 

13-30 

Change in originai weight 

-1-225 

-4-t3 

-4*00 

-5*71 

Ch<tnge in heated weight 

+2-7l.)0 

-2-35 

d-2'72 

.+2-01 

Date of planting in soil two inches 
dee]> and watered daily 

•24-3-23 

-28-3-23 

29-~”3-23 

j 5-4-23 


Observations regarding germination Some germinated by 29th 3rar?h, 1923, romaioing 

observed till 2nd July, 1923. 


No. of tubers germinated 


10 

8 

8 

I (} 

Percentage of germination 

.. 

100 

80 

80 

1 0 ‘ 
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Incubator experiment. 

Table XLL 

Experiment of heating the tubers in paper dishes in an incubator at a constant 
temperature of 104°F. (40°C.). 

A. In PAPER DISHES WITHOUT EARTH. 

Bate of starting^ 5th April, 1923. 

Table of weights (grammes). 



Bubation of heating- 

- 15 DAYS IN 

ALL CASES 


I A 

II A 

III A 

IV A 

Weight of 10 tubers before heating. . 

lO-oO 

10*82 

! 

12*10 1 

10*60 

Weight of 10 tubers after heating . . 

6-10 

6*89 

7*10 

6*88 

Loss in weight 

-4*40 

-3*93 

-5*00 

-3*72 

Percentage of loss in weight 

o 

1 

-36*31 

-41*32 

' , ■ ■ 1 

-35*09 

Average 

1 1 

1 ! 

1 39*665 

i i 



Placed in a 

. wet blotting paper for 24 hours on 



20th April, 1923. 


' ' . ■ ' 

Weight after absorption of water 

6*63 

7*73 

7*32 

7*52 

Change in original weight 

- 3-87 

- 3-09 

- 4-88 

- 3-08 

Change in heated weight 

-f0*53 

+0*84 

+0*22 

+0*74 


Bate of planting in soil two inches 
deep and watered daily 

Observations regarding germination 


I 21st April, 1923 | 

Observed till 2nd July, 1923. Only one germinated 
on 1st May, 1923. 


No. of tubers germinated 
Percentage of germination 
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Incubator experiment. 

Table XLII. 

Experiment of heating tubers in paper dishes in an incubator at a constant 
temperatwre of 104:°F. (40°0.). 

B. Tubers buried in dry earth. 

Date of starting, 5th April, 1923. 

Table of weights (grammes). 



Duration of heatijto 

■ 

— 15 DAYS IN ^iLL GASES 


IB 

11 B 

III B 

IV B 

Weight of 10 tubers before heating . . 

10-51 

10-70 

10-36 

9-7S 

Weight of 10 tubers after heating . . 

6-30 

0-92 

6-24 

5-90 

Loss in weight . . . . 

-4-21 

-4-73 

-4-12 

-3-88 

Percentage of loss in weight . . I 

. -40-05 

' -44-70 1 

! 

-39-77 i 

-39-69 

Av.erage . . . . . . 

•1 


■41*052 



Placed in a wet blotting paper for 24 hours on 
20th April, 1923. 


Weight after absorption of water 

( 

7-00 

6-30 

6-71 

6-30 

Change in original weight 

- 3-51 

- 4-40 

- 3-65 

- 3-48 

Change in heated weight 

+0*70 

-f-0’38 ; 

4,0*47 

+0-40 

Bate of planting in soil two inches 
deep and watered . . . . , 


2lst April, 1923. 


Observation regarding germination 

Observed till 2n(l July, 1923. No genniniition 

No, of tubers germinated 

0 

0 

1 0 

1 

0 

Percentage of germination 

0 

0 

0 

0 
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In Eastern Bengal and Bihar, the jute plant {CorcTionis capsularis) 
is sometimes attacked by a stem rot. The disease generally attacks the stem 
about the ground level or slightly higher, and in the early stages produces 
a pale reddish brown discoloration. This gradually darkens and spreads up 
and round the stem until the whole plant withers. Sporadic cases of this 
stem rot can be found in almost every field of jute, but it is only under certain 
conditions of cultivation that the disease becomes epidemic. 

The disease may attack jute at any stage of its growth and occurs on both 
Gorchorus capsularis and C. olitorius. Very young seedlings, about 2 in. high, 
die with the symptoms of “ damping off,” the hypocotyl becoming soft and 
completely rotted. In such specimens an abundant mycelium is found growing 
in the tissues of the young stem. On more mature plants the mycelial growth 
is accompanied by a copious formation of small black sclerotia in the interior 
of the stem among the bast fibres, and by the development of pyenidia which 
are visible as small black dots just below the cuticle. 


STUDIES IN DISEASES OF THE JUTE PLANT. 


The fungus 

Examination of a diseased stem shows that the fungus consists of brownish 
soloured hyphae and dark black sclerotia. Both hyphae and sclerotia occur 
ntermingled with the bast fibres. On the surface of the stem a number of 
ninute black pyenidia can be seen. These pyenidia bear a close resemblance 
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to tlifi selerotia but can be distinguished by the presence of an ostioliim and by 
tlmv morn regularly spherical outline. At first sight the pycnidia and spores 
reseriiblc those of Diploclia Corohori Syd.^ in an immature stage. The pycnidia 
however are generally smaller tliari those of D. Gorchori Syd., and the spores 
differ slightly in shape and in their proportions from the immature spores of 
D, Corcliori Syd. The spore measurements are within the limits 16-32/x 
X o-lO/A and generally the width is about J of the length (cf . D. Gorchori 2G~25/x 
X -10-13/x). Spores are unicellular hyaline and oval, >sometimes slightly bent. 
Pycnidia, are roughly circular in outline usually about .1 00~200/x in diameter, but 
some reach 260/z in diameter. The morpliological characters of the fungus 
agree clorely with those of a parasite of jute described recently by Sawada^ in 
Japan and identified by him as Macrophoma Coreliori Saw. iiov. spec., and a 
comparison of material from India and Japan in both countries has confirmed 
the identity of the fungus with M . Gorchori Saw. 

The fungus was first obtained in culture by picking out a small piece of 
bast fibre, bearing sclerotia, from a diseased stem and placing it on the surface 
of a glucose agar slant. The fungus grew rapidly and pure cultures were 
readily obtained. On glucose agar the fungus produces a greyish white 
mycelium and small black sclerotia within the matrix. Fertile pycnidia with 
spores have never been obtained in artificial culture on any media. They 
appear to occur only on the living jute plant. Cultures on sterilized dead 
jute stems, and on decoctions of jute stems, all failed to produce pycnidia, nor 
has the iiycnidium ever been found on any of the other hosts (e.g,, cotton, 
potato) on which this fungus is parasitic. Th.e sclerotia resemble closely the 
fertile pycnidia but are solid structures of less regular outline and of course 
lack the ostioliim. On the jute plant they are circular or oval in form and 
measure from 50/Jt-llS/^ in diameter. In culture they are sometimes much 
larger, reaching 168 /a ; such large sclerotia appear to result frpm the coalescence 
of several sclerotia. 

Inoculations. 

(1) Owing to the absence of pycnidia in cultures the connection of the 
pycnidiuin with the sclerotia and hyphiB was not at first suspected. In 
September 1917, six large jute plants oh Piisa Farm, each about 8-10 feet high, 
were infected from a pure culture on glucose agar. Each plant was wmiinded 

^ Sydow, H. ct P., et Butler, E. J. Fungi Iiidiaj Onontalis, Pars. V. Anmles Mycohgici, 
Vol, XIV, 1916, p. 196. Shaw, F. J. F. Di'plodia Gorchori Syd. Mem. Dept. Arjri. India, 

Ner., Vol. XI, No. 2, 1921. 

® Agri. Dxp. St. Govt, of Formosa Bull. 107, Nov. 1916 (Japanese), Mgzologia, 
Vol. XI, p. 82, 1919. 


F. J. 3?. SHAW 


195 


by making a slight taiigentiai cut oii the stem surface at the point of infection. 
The infections were tied up with cloth. All the infections succeeded and a 
light brown discoloration spread up and down and round the stem, gradually 
darkening. The plants all withered and died with a copious development of 
sclerotia in the tissues and pycnidia at the surface. The pyciiidia and spores 
were in agreement with those described above and the raeasurements of spores 
were within the limits 16-27/a X 6-8/a. The pycnidia were 160-200/a in 
diameter. 

The presence of this pycnidiimi led to a fresh examination of the jute 
stem from which the culture used in the inoculation had originally been isolated. 
Here also pycnidia and spores were found similar to those developed on tlie 
infected plants. The spore measurements in this case were within the limits 
17-29/a X 6-8/a and the pycnidia were 120-200/a in diameter, 

(2) In 1918 a fresh isolation was made from sclerotia on a diseased jute 
plant on the Dacca Farm. This culture gave a normal growth of hyphse and 
sclerotia, and from it four jute plants were infected on the Piisa Farm as in the 
previous experiment. Three of the infected plants died with typical symptoms 
of the disease and an abundant formation of pycnidia on the surface of the 
stem and of sclerotia and hyplise in the interior. The pycnidia and spores 
were of the same size and shape as in the last experiment. The spore measure- 
ments were 16-24/a X 7-8/a. 

Prom these infected plants spores were obtained in sterile water and plated 
on glucose agar. Single spores were then picked out, as soon as the agar had 
set, and transferred to glucose agar slants. In some plates the spores were 
left for 12 hours and then transferred to slants after they had germinated. In 
all cases pure cultures from single spores produced hyphse and sclerotia— 

pycnidia and spores were never developed in culture. 

Sclerotia were then picked out of one of the infected plants, washed in 
sterile water and plated on agar. From a plate single sclerotia were infected 
on glucose agar slants and some plates were left for the sclerotia to germinate. 
In all cases cultures precisely similar to those isolated from spores were 
obtained. 

It follows from this that the pycnidium is a part of the sclerotia! fungus 
and is an asexual spore stage 'of the same. An attempt was then made to 
isolate the fungus from spores and sclerotia obtained from one of the plants 
infected in 1917 (Experiment 1). The spores, however, failed to germinate but 
sclerotia germinated and gave normal cultures. 

A further proof of the genetic connection between the sclerotia and 
pycnidia was afforded by a number of diseased plants collected fiom the 
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Dacca Farm. Among ten diseased plants, wiicli all showed numerous sclerotia 
in the diseased tissues, two had pycnidia (180-200/^ diam.) with spores 
measuring 20~27/x X 7-9/x. Single spore cultures and single sclerotial cultures 
from these plants were both iiormaL 

(3) A culture was obtained from Poona and infected upon four wounded 
jute plants on 7th August, 1919. The parent culture had been isolated from 
potato and exactly resembled those obtained from jute in Pusa and Dacca. 
All the infected plants died with the development of pycnidia and spores of the 
usual type and measurements (16-27fA X 7-llf^). Single spore isolations from 
these plants developed the sclerotial stage of the fungus in cultures as in the 
previous cases. Another series of infections on jute from a culture isolated 
from a diseased cotton plant gave similar results. The infected jute plants 
developed the pycnidial stage of the fungus and isolations from spores 
produced the sclerotial stage in culture. 

(4) In March 1921, a culture was isolated from diseased jute seedlings 
growing in Dacca soil. Six mature jute plants were wounded and infected 
from this culture on 22nd June, 1921. Two plants developed pycnidia and 
spores and the fungus was isolated from single spores as before. 

(5) In July and August 1921, twelve jute plants on the Dacca Farm were 
inoculated from the same culture used in the last experiment. Five of the 
plants died with the development of pycnidia. Single spore isolations from 
these plants developed the sclerotial stage of the fungus in culture. During 
the progress of this experiment further isolations of the fungus from single 
spores, obtained from plants naturally diseased in the field, were carried out 
and confirmed previous results. 

(6) In July 1923, a number of diseased jute plants were collected on the 
Dacca Farm. The diseased plants all showed pycnidia and sclerotia. The 
size of the spore on these plants was l6*-24/w X 8-1 lju. Spores were collected 
in sterile water and plated in the usual way. Single spore cultures ail 
produced the normal sclerotial stage of the fungus. Six jute plants growing 
in pots at Pusa were infected from these cultures. Five of these plants died 
within 8 days of inoculation with a copious production of sclerotia and 
pycnidia. 

The results of the inoculations therefore show that the pycnidial and 
sclerotial forms belong to the same fungus. The pycnidium occurs only on 
the jute plant and has never been obtained in artificial culture. The 
sclerotial form occurs in artificial culture and on jute, cotton, potato and 
other hosts. Cultures isolated from jute, cotton or ])otato give rise to th(‘, 
pycnidial form when infected upon jute. 
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Remedial measures. 

Sawada^ states that mamiring with wood ash is very successful in lessen- 
ing the incidence of the disease. This author considers that such treatment 
not only supplies the potassium which is necessary for the growth of the 
jute but also kills the spores of the fungus in the soil. Wood ash, applied at 
the rate of about 160 lb. per acre, is stated to have reduced the loss from this 
disease from 51 to 6 per cent. Liming the soil, according to Sawada, lessens 
the amount of disease, but heavy applications of nitrogenous manures favour 
the development of the disease. 

These results agree with those obtained independently in India by Finlo 
who found that on the Dacca Farm jute plots which had received potash were 
freer from disease than those to which potash had not been applied. In 
an experiment on the Dacca Farm the percentage of diseased plants in plots 
which had not been manured with potash ranged from 6 to 12 per cent. On 
plots which had received potash at the rate of 200 lb. potash (K 2 O) per 
acre, the percentage of diseased plants ranged from J to 1-| per cent. In the 
potash-manured plots the yield of fibre was more than double that in the 
control plots. 

Diseases of which the incidence is largely determined by the composition 
of the plant food present in the soil afford problems of great physiological 
interest. The deciding constituent may influence both parasite and host. 
Experiments now in progress at Ptisa indicate that the fungus Macro 2 )homa 
CorcJiori can produce a vigorous growth of mycelium on a culture medium 
which does not contain potassium. The field experiments at Dacca, however, 
suggest that jute is a crop which produces its heaviest growth when the 
amount of potash present in the soil is in excess of that normally required by 
other crops. It may well be, therefore, that a slight deficiency in the potash 
content of the soil would depress the vital activities of the jute plant to a much 
greater extent than it would affect the metabolism of the fungus, which is also 
living in the soil, thus rendering the host a more easy victim for the parasite. 
This aspect of the disease will form the subject of further research. 


-^Sawada, Loc. cit., p. 2. 

“ Flnluw, ii. S. in jute ; The inMMting effec^^ potayh maniirini 

x/otir. iwc/ici, Special Indian Science Congress Number, 1918. 


198 


STUDIES IN DISEASES OF THE JUTE PLANT 

Sawada states that, in culture on agar media, immature pycnidia are formed. 
These immature pycnidia are evidently the same as the structures which 
have been termed sclerotia in the present paper. This sclerotial form of the 
fiiiigiis occurs also upon potato tubers where it causes a blackening of the eyes 
and a slight rot of the tissues, and also upon cotton plants. A certain propor- 
tion of the wilting of mature cotton plants and the damping off of seedling 
cotton appears to be due to this fungus. Upon these hosts the pycnidial form 
does not occur but infections wdth cultures isolated from these hosts on to jute 
have produced the pyciiidial form on the latter host. 

In the first investigations^ on the parasitism of this fungus on jute, the 
connection of the sclerotial form, produced in culture, with the pycnidia! form 
occurring only on the jute plant was not traced and the fungus was identified as 
Rhizoctonia Solani Kiilm. In 1913, Taiibenhaus^ described a disease, Cliai'coal 
Bot, of the Sweet Potato which lie attributed to a new species of the genus 
Sclerotium and named S, bataticola. Later, in 1917, Martin^ described a 
fruit rot of pepper (Capsicum minum) as being caused by S. hataticola. It 
was then evident from a comparison of the illiistratioiis of this paper with 
those of the earlier publication in India that there were strong points of simi- 
larity between the fungus identified in India as liJiizoclonut Solani Kilhn 
and that subsequently named Sclerotium bataticola in America. 

Cultures of the Indian fungus were submitted fur examination in America 
and were pronounced by Dr. Taubenhaiis to present practically all the 
earmarks of the organism which I have described as Solerolitmi bataticola, 
Examination in India showed that cultures of S. bataticola, obtained from 
America, were morphologically iiulistinguishable from cultures of M. CorcJiori, 
on the same medium, and infections were made with the former to see if the 
pycnidial stage of M . Gorckori would result. 

Infections^ WITH S. bataticola, 

(1) Six jute plants growing in pots were wounded and infected with 
S. bataticola as in previous experiments. Two of the infected ])lants deveIo])ed 
the disease and died, but pycnidia were not produced. Six control plants 
remained healthy. 

(2) Thirty jute, plants were wounded and infected in the field from cultures 
of S. bataticola. Twelve of these developed the symptoms of the disease, a 

^ Shaw, F. J. F. Morphology and Parasitism of lihizoctunia. Mum, Dept. Agri. India, 
Bot. Ser., Vol IV, 1912. 

- Taubenhaiis, J. J. Black Rots of the Sweet Potato. PhifUqmthology, Vol. Ill, 1913* 

^ Martin, W. H. Sclerotium bataticola. Phytopathology^ Vol, VII, i917- 
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brown stain, spreading from tbe seat of infection, but in no case were pycnidia 
produced. 

From these experiments it appears that the fungus S. bataticola is a less 
virulent parasite of jute than M. Gorchori, and that, up to the present, the 
American fungus has failed to give the pycnidium of M. Gorchori when infected 
upon jute. If these two names both refer to the same organism we can 
only assume that the American form has lost the capacity of producing tlie 
pycnidium. In dealing with sclerotial fungi, however, it must be remembered 
that, when we only know these organisms in the vegetative stage, reliance 
for systematic purpose is placed on characters which would not be admitted 
of taxonomic importance were the reproductive organs known. 

Summary. 

(1) The fungus Macrophoma Gorchori Syd. is the cause of stem rot of jute 
in India. 

(2) The pycnidium occurs only on the jute plant. 

(3) A sclerotial forth occurs in culttrre and on other hosts (e.g., potato, 

cotton) in addition to jute. ■ 

(4) The amount of potash in the soil is a determining factor in the 
incideitce of the disease. 


/ 
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C. capsularis showing pycnidia of M. CorcJion\ 
same { y 4); 3, Spores, and 4, Germinating 
f M. Corchori (x 194). 
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Fig. I, A healthy plot of C- capsularis. 


Fig. 2. Plot of C. capsularis with stem rot (M. Corchori) disease. 
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